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IDENTIFICATION OF ESTROGEN 
IN THE HUMAN TESTIS* 


JOSEPH W. GOLDZIEHER, M.D. anp IRENE 8. ROBERTS, Pu.D. 
From the Research Department, St. Clare’s Hospital, New York, N.Y. 


UMEROUS efforts have been made over the years to identify the 

hormones of the testis. The earlier work, employing the testes of 
hogs, stallions and bulls, demonstrated (by bioassay) the androgenic and 
estrogenic activity of extracts from such tissue. Fellner in 1921 (1), and 
subsequently many others (Dohrn (2), Laqueur et al. (3), McGee (4), 
Brouha and Simmonet (5)) reported such experiments. Laqueur and de 
Jongh (6) in an article published in 1928 made the single unsupported 
statement regarding estrogen that ‘Another interesting feature is its pres- 
ence in small amounts in the testes and urine of normal men.’’ Apparently 
this is the basis for the statement (7) of Berthrong et al. that Laqueur and 
de Jongh had demonstrated the presence of estrogen in human testes. We 
have examined Laqueur’s publications in the European literature pains- 
takingly, including obscure references in some German pharmacologi- 
cal journals, but nowhere have we found any factual evidence of an 
estrogen assay on human testicular tissue. 

With the development of more powerful chemical methods, isolation 
studies became possible and a number of steroids were isolated and 
identified in animal testes. David et al. in 1935 (8) and Goldberg in 1938 
(9) obtained testosterone from animal testes. In 1936 Hirano (10) obtained 
several steroid substances, not completely identified. In 1940 Beall (11) 
succeeded in isolating estrone and a-estradiol from stallion testes; he esti- 
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mated that this tissue contained 0.36 mg. of estrone and 0.21 mg. of a-estra- 
diol per kilogram. Ruzicka (12) in 1943 estimated a bioassay equivalent 
of 0.4 mg. of estrone per kilogram of hog testes and recently Haines et al. 
(13) obtained an estrone equivalent of 0.67 mg. of estrone per kilogram in 
the same species; the exact nature of this estrogenic material has not been 
reported. In 1947 Prelog et al. (14) successfully identified a large number 
of hog testicular steroids, including cholestandione-3,6,allopregnanolone- 
20 (both ol-3a and -38), A®-pregnenol-36-one-20, A*-cholestenol-38-one-7, 
A‘-cholestenone-3, A*:5-cholestadienone-7, and testosterone. 

As in all animal experiments the question arises as to what extent these 
findings may be applied to human tissues and human testicular physiology. 
Caution is particularly indicated by the high a-estradiol and estrone 
content of stallion urine (15), a finding which has no counterpart in man 
(16). 

In recent years, furthermore, there has been increasing discussion of 
estrogen as a “‘second testicular hormone”’ and many indirect facts have 
been cited to support this hypothesis. Indirect studies have failed to 
answer this question. Changes in urinary excretion of estrogen following 
stimulation or removal of the testes may simply reflect alterations in the 
metabolites of testicular secretion. This same objection arises in studies 
on embryologically abnormal testes (17), in addition to the fact that such 
abnormal tissue may not be functionally representative of the normal gon- 
ad. The presence of estrogen in certain tumors of gonadal origin (18, 
19, 20) may also represent an entirely abnormal product. 

It has therefore become increasingly important to obtain direct evidence 
as to the presence or absence of estrogen in the testis and, despite the 
fact that previous workers required up to 600 Kg. or more of starting 
material, such a study was undertaken on human testes. 


MATERIALS AND METHODS 


One testis was obtained from each of 688 adult males less than 50 years 
old, who had died suddenly and on whom an autopsy had been performed 
promptly after death. The vast majority were cases of accidental or trau- 
matic death, but a small percentage were males dying of acute diseases 
other than physical injury. At autopsy the testis was sliced in half and 
dropped immediately into acetone. The testes were allowed to remain 
in acetone until a suitable number (50 or more) were collected. The paren- 
chymas were then shelled out and weighed (the tunicas and attendant 
tissue were left in fresh acetone overnight, filtered off, and discarded). 
The total weight of acetone-fixed testicular tissue was 6,960 Gm., corre- 
sponding to 8,750 Gm. of fresh, unfixed tissue. 

This tissue was homogenized in acetone solution in a Waring blender 
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and all acetone solutions were then combined and filtered. The residue 
from filtration was extracted continuously in a large Soxhlet extractor 
for twenty-four hours, first with acetone and then with ether. The acetone 
and ether extracts were combined and evaporated under reduced pressure. 

The testicular tissue restdue which remained after continuous extraction 
was hydrolyzed by boiling for thirty minutes in 15 volumes per cent 
hydrochloric acid, cooled, and extracted continuously with ether for 
twenty-four hours in a liquid-liquid extractor. This ether extract was 
worked up separately (Fraction I). 

The original acetone-ether fraction was processed in the manner indi- 
cated in Figure 1. Exhaustive partition between ligroin (60 to 70° C.) 
and 70 per cent methyl alcohol removed a large amount of cholesterol 
and fat. The ligroin fraction (II) showed no estrogenic activity on bioassay, 
even after hydrolysis with alcoholic potassium hydroxide for six hours, 
extraction and concentration of the phenolic fraction. The methanol 
fraction was evaporated to dryness under reduced pressure and dissolved 
in ether-carbon tetrachloride (1:18) as suggested by Friedgood et al. (21). 
After washing with saturated sodium bicarbonate, the phenolic materials 
were removed from the ether-carbon tetrachloride by exhaustive extrac- 
tion with normal potassium hydroxide. Considerable difficulty with 
emulsions was encountered at this point, but separation was finally accom- 
plished by suitable adjustment of the phase volumes. The ether-carbon 
tetrachloride phase, containing whatever neutral ketonic material might 
be present, was washed with water, evaporated to dryness under reduced 
pressure and stored (Fraction VI). The KOH phase was adjusted to pH 
9+0.5 with 6N sulfuric acid and 2 volumes per cent of potassium car- 
bonate-potassium bicarbonate (1:20) buffer. This solution was then 
extracted exhaustively with ether, with countercurrent backwashing. 
The ether fraction, after being washed with water and evaporated to 
dryness under reduced pressure, yielded 60.7 Gm. of dark yellowish, fatty 
material. This crude phenolic fraction was then put through the entire 
procedure once more, starting with ligroin-methanol partition. The result- 
ant ligroin and bicarbonate fractions were combined with the correspond- 
ing material obtained in the first processing. The second, less impure 
phenolic fraction thus obtained weighed 422 mg. 

This material was dissolved in benzene and extracted four times with 
0.075 M disodium phosphate. Under these circumstances, estriol is said 
to be removed quantitatively (21). The phosphate solution was extracted 
with ether, the ether was washed with water, and finally evaporated to 
dryness, yielding an “estriol” fraction weighing 37 mg. 

The remaining benzene phase was evaporated to dryness under reduced 
pressure and the residual material subjected to micro-Girard separation. 
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Both the ketonic and the nonketonic fractions were subjected once more 
to the Girard reaction and the two aqueous and two ether phases were 
combined and worked up together. 

The final nonketonic (“‘estradiol’’) fraction weighed 225 mg. and the 
ketonic (“‘estrone’’) fraction weighed 159 mg. 

Bioassay of the three fractions so obtained was carried out on castrated 
adult mice given two injections in oil daily for three days. Only 2 mice 
were used at each level in order to conserve material and assays were 
carried out using 1 per cent and 5 per cent of the total material per mouse. 
Estrogenic activity was detected only in the “‘estradiol”’ fraction. Ultra- 
violet absorption spectra of these fractions were obscured by interfering 
substances. The Kober reaction according to the method of Umberger 
and Curtis (22) also failed because of interfering chromogens. All fractions 
showed intense fluorescence when subjected to the procedure of Bates and 
Cohen (23). However, in view of the results of bioassay and of other tests 
this fluorescence must be considered as nonspecific. 

Twenty per cent aliquots of the remaining material of each fraction 
were coupled in strongly alkaline solution with Fast Black K, according 
to the method of Heftmann (24), and subjected to an ascending chromat- 
ogram from a toluene-ligroin-ethanol-water system. No bands appeared 
in the expected region in the ‘estrone’ and “estriol’’ fractions. In the 
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“estradiol” fraction, however, a band appeared with an Rf of 0.83 to 0.87, 
which corresponds to the value for estradiol obtained by Heftmann and 
also by us in trial runs with the pure steroid. The spots obtained corre- 
sponded roughly in appearance with those found when chromatographing 
10 gamma of pure estradiol. No material remained for further attempts 
at characterization by other methods. 

The ether extract of the residual tissue hydrolysate (Fraction I) was 
taken up in ether-carbon tetrachloride and washed with saturated sodium 
bicarbonate and water. The phenolic fraction was removed without 
difficulty with normal potassium hydroxide. This fraction was adjusted to 
pH 9 as before, extracted with ether, and evaporated to dryness. Ten per 
cent aliquots of this material gave negative bioassay results for estrogen 
when injected into adult, estrogen-primed castrated mice. 


DISCUSSION 


Although exact quantitative measurements were not possible, certain 
calculations can be made as to the approximate amounts of estradiol 
extracted. Our strain of mice respond to a dose of estradiol of the order 
of 0.2 to 0.4 gamma, and a positive response was produced by 1 per cent 
of the total ‘estradiol’ fraction of our testicular extract. This rough 
bioassay gives an estimate of total estradiol content of the order of 20 to 
40 gamma. On chromatography, 20 per cent of the total material gave a 
spot corresponding approximately to 10 gamma of estradiol. By calcula- 
tion, this gives a total estradiol content of the order of 50 gamma. Using 
the maximum estimate, 8.75 kilograms of testicular tissue, produced 50 
gamma of estradiol, a yield of approximately 5.7 gamma of estradiol per 
kilogram of tissue. Assuming the average weight of the parenchyma of a 
normal human testis to be 15 grams, one can further calculate the estro- 
gen content of a single adult human testis to be roughly of the order of 
0.086 gamma. 

When compared with the values obtained for hog testis (400 to 760 
gamma per kilogram, as estrone) and for horse testis (360 gamma of estrone 
per kilogram, plus 210 gamma of estradiol per kilogram), there is about 
one fiftieth to one one-hundredth as much estrogen in the human testis. 
The failure to find estrone (as in the stallion) is also noteworthy. 


SUMMARY 


Normal adult human testicular tissue weighing 8.75 kilograms has been 
subjected to a procedure designed to isolate and identify the contained 
steroids. By reactions in the separation scheme, by biologic activity, and 
by paper chromatography, estradiol has been identified in the phenolic 


fraction. 
Work is in progress on the steroids of the neutral fraction. 
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FACTORS INFLUENCING THE COMPOSITION OF 
THE SODIUM ‘“‘PREGNANEDIOL”’ GLUCURONIDE 
COMPLEX IN HUMAN PREGNANCY, WITH 
ESPECIAL REFERENCE TO DIETHYLSTIL- 
BESTROL THERAPY 


O. WATKINS SMITH, Px.D. anp CONSTANCE BARKER, B.A. 


From the Fearing Research Laboratory, Free Hospital for Women, Brookline, Massa- 
chusetts, and the Department of Gynecology, Harvard Medical School, 
Boston, Massachusetts 


INCE the publication in 1946 (1) of data on the augmentative effect 

of diethylstilbestrol upon ‘“‘pregnanediol” excretion in pregnancy, 
two groups of investigators (2, 3) have reported their inability to confirm 
this observation. These later investigators measured pregnanediol colori- 
metrically following its extraction from acid-hydrolyzed urine, whereas 
the original work was based upon the gravimetric determination of the 
sodium ‘‘pregnanediol”’ glucuronide complex (NaPG) by the Venning 
procedure (4). The possibility that the glucuronide of the administered 
diethylstilbestrol accounted for the rise in NaPG has been eliminated by 
the demonstration that stilbestrol glucuronide is not recovered in measur- 
able amounts by the Venning method (5). In seeking for some other ex- 
planation for the discrepancy in findings, curves of excretion both for 
pregnanediol freed by acid hydrolysis and for “‘pregnanediol”’ as NaPG 
were followed in 22 pregnant women. Urines were collected at intervals of 
from one to seven days, starting at the tenth to twenty-fifth week of 
pregnancy and continuing to delivery. Untreated pregnancies in patients 
with poor obstetrical histories were studied, as well as those in which 
diethylstilbestrol or progesterone were administered. In both treated and 
untreated patients the curves for ‘‘pregnanediol” as NaPG were consid- 
erably higher than those for freed pregnnediol, and the difference between 
the two showed a steady increase v advancing normal gestation and 
a progressive decrease for some ~ ..s prior to labor or late pregnancy 
complications. This difference was aiso consistently increased by. the 
administration of stilbestrol. It was similarly augmented by injections. of 
progesterone, indicating that it represented products of progesterone 
metabolism which are not measured as pregnanediol in acid-hydrolyzed 
urine but constitute nonpregnanediol components of the NaPG complex. 
Since these components appeared to be of considerable physiologic 
importance, the present study was undertaken with the aim of gaining 
more information about them. 
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Only one nonpregnanediol steroid has as yet been isolated from the 
NaPG complex as recovered by the Venning method from the urines of 
pregnant women. This is pregnane 3(a)ol-20-one, first identified from 
hydrolyzed NaPG by Marrian and Gough (6) and later shown to be a 
product of progesterone metabolism by Dorfman, et al. (7) and by Venning 
(8). Our first efforts, therefore, were directed towards quantitatively 
analyzing NaPG crystals for their content of pregnanediol and preg- 
nanolone. A total of 102 samples have been analyzed, mostly from the 
urines of the cases just described. 


METHODS 


Discussion of methods used for analyses for pregnanediol and pregnanolone. The crystals 
analyzed were white plates that melted with decomposition over a range of no more than 
2° C. The melting points varied from 258 to 276° C. With a number of samples it was 
found that these melting points (low for pure sodium pregnanediol glucuronide (6)) 
could not be raised by recrystallization out of 95 per cent alcohol.! 

The exact method used for hydrolysis, extraction and assay is described in a footnote.” 





1 Only one sample of NaPG has ever been encountered in our studies that had a 
melting point as high as 281—-282° C. This was recovered from the urine of a woman just 
before labor; her rate of excretion of NaPG calculated as pregnanediol on that day had 
risen suddenly from 90.0 to 180.0 mg. per twenty-four hours. Such sporadic rises just 
before labor have been occasionally observed by us and might be more frequently 
encountered if daily specimens were being analyzed. This sample was used for recovery 
experiments in our study of methods for urinary pregnanediol. It was found to contain 
96 to 97 per cent of the theoretical amount of pregnanediol and no 20-ketosteroid (9). 

2 Acid hydrolysis, extraction and assay of NaPG for pregnanediol and ketosteroids. Eight 
to 14.0 mg. of white crystals free of urinary pigment were accurately weighed into a 
small beaker, dissolved in 10 cc. of 50 per cent ethanol and quantitatively transferred 
with another 10 cc. of 50 per cent ethanol and 200 ce. of distilled H,O to a 1-liter Erlen- 
meyer flask with a ground-glass opening fitted to a reflux condenser. After adding 100 
ec. of redistilled toluene the mixture was brought to a boil, 20 cc. of concentrated HCl 
were added and rapid boiling continued under the reflux for exactly fifteen minutes. 
After rapid cooling the mixture was transferred to a separatory funnel, the two layers 
allowed to separate and the aqueous fraction extracted once more with 100 cc. of toluene, 
after which it was usually still turbid. It was then extracted three times with 60 cc. of 
absolute ether, and the clear aqueous layer discarded. The ether extract was washed 
once with 10 ec. of saturated Na.COs, three to four times with 10 ec. of H.0 till the wash- 
ings were neutral, and then evaporated to dryness in an all-glass still. The residue from 
the ether extract was dissolved in the 200 cc. of toluene extract just described, which 
was then washed twice with 60 cc. of normal NaOH and twice with 60 cc. of H,O. This 
neutral fraction was then evaporated to dryness under vacuum in an all-glass still and 
the residue quantitatively transferred with ethanol to a 20-cc. graduated test tube and 
made to volume with ethanol. 

Pregnanediol was determined on an aliquot of the neutral fraction equivalent to about 
4.0 mg. of NaPG, using our modification of the Sommerville, Gough and Marrian method 
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The extraction procedure has been shown to give 90 to 100 per cent recovery of pure 
pregnane 3(a),20(a)diol and pregnane 3(a@)ol-20-one. The color produced in the Zimmer- 
mann colorimetric assay for ketosteroids was always the brown red of a 20-ketosteroid, 
with none of the discernible strong pink which is characteristic of the 17-ketosteroids. 
This observation was carefully checked by comparison with the standards* that were 
run with each set of unknowns. With several samples it was shown that Zimmermann 
assays on the ketonic fraction after Girard separation did not change the results signifi- 
cantly from those acquired on the total neutral fraction. Our supply of pregnane 3(a)ol- 
20-one was limited and for this reason our routine calibration curves were run using 
pregnane 3(a)12(a)diol-20-one diacetate. The unknowns, read from this curve, were 
calculated in terms of pregnanolone, it having been ascertained that the latter had exact- 
ly the same color value as the pregnandiolone and, allowing for the difference in molecu- 
lar weight, gave an identical calibration curve. 

Seven samples of NaPG were analyzed after enzymatic hydrolysis with E. coli 
glucuronidase prepared, assayed and utilized according to the method of Buehler, et al. 
(11, 12). The results for pregnanediol and 20-ketosteroids, after subtracting the glu- 
curonidase blanks, checked almost exactly with those acquired after acid hydrolysis of 
the same crystals. It seems safe to assume, therefore, that the method of acid hydrolysis 
used? gives complete deconjugation without destruction of these two components. 


In the 102 samples analyzed, the recovery of pregnanediol accounted 
for 45 to 70 per cent of the total NaPG (calculated as pregnanediol) and 
the recovery of pregnanolone for 10 to 29 per cent. The amount unac- 
counted for varied from 2 to 38 per cent of the total and will be referred 
to as “x” steroid(s) of the NaPG complex. Since the identity of this 
fraction is still unknown, it is calculated in terms of pregnanediol, as is the 
total NaPG, thus introducing a possible source of error. All of the NaPG 
crystals, however, were subjected to an identical procedure of analysis 
and calculations, so that the results are presumably comparable one with 
another. Our particular interest lay in comparison of values in various 
samples of NaPG in relation to clinical states and hormone administration. 





(9) except that the pregnanediol was precipitated out of ethanol with water only once 
and the Norite treatment was omitted. 

The Zimmermann test for ketosteroids was made upon another aliquot of the neutral 
fraction equivalent to 1.0 to 2.0 mg. of NaPG, following the technic of Callow, Callow 
and Emmens (10). A calibration curve with pregnane 3(a)12(a)diol-20-one diacetate 
was run with each batch of unknowns. Results were calculated in terms of pregnane 
3(a)ol-20-one. 

All determinations were performed in duplicate and the average values recorded, 
unless the difference between the two was greater than 3 per cent, in which case a third 
determination was performed. 

3 The authors are indebted to Dr. Gregory Pincus for samples of crystalline andro- 
sterone and pregnane 3(a)ol-20-one; to Dr. Ernst Oppenheimer of Ciba Pharmaceutical 
Products, Inc., for a generous supply of crystalline pregnane-3(a),12(a)-diol-20-one 
diacetate; and to Dr. Edward Henderson of Schering Corporation for 100.0 mg. of erys- 
talline dehydroisoandrosterone. 
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RESULTS 
Analyses of NaPG crystals obtained throughout an untreated pregnancy 


Twenty-seven samples of NaPG, from the urines of a patient who was 
followed from the twelfth week of pregnancy to delivery at thirty-nine 
weeks, were analyzed for their content of pregnanediol and 20-ketosteroid 
(pregnanolone). The pregnancy was normal except for false labor two 
weeks before delivery. In Figure 1 the twenty-four-hour recoveries of 
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Figure 1 


pregnanediol, pregnanolone and ‘‘x’’ steroid(s) are graphed, these values 
having been calculated from the total twenty-four-hour NaPG (as preg- 
nanediol) and the percentage composition of each sample. All three curves 
show a fairly steady rise, reaching a peak at thirty-four weeks. During 
this time the values for “‘x’”’ steroid(s) and pregnanolone were increased 
seven-fold, whereas those for pregnanediol were increased only fourfold. 
Both pregnanediol and ‘“‘x’’ steroid(s) fell off prior to false labor, followed 
by a rise and a second drop at the onset of true labor, the most pronounced 
changes being in the unidentified “‘x’”’ steroid(s). The recovery of pregnano- 
lone in the NaPG complex was decreasing throughout this period before 
and during false and true labor. 

The percentage composition of the crystals, as well as the twenty-four- 
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hour recoveries of the three fractions, showed changes associated with 
clinical progress. The proportion accountable to pregnanediol dropped 
from 70 per cent of the total at twelve weeks to only 49 per cent of the 
total at thirty-four weeks, when the peak of recovery occurred. This was 
accompanied by a slight increase in the proportion accountable to preg- 
nanolone, from around 12 to 15 per cent of the total at twelve to twenty 
weeks to about 20 per cent of the total at twenty to thirty-six weeks. 
The unaccounted-for ‘‘x’”’ steroid(s) remained fairly constant at around 20 
per cent of the total up to thirty weeks, but rose rapidly to 30 per cent 
of the total at thirty-four weeks, coincident with the peak of twenty-four- 
hour recoveries. Prior to the onset of false labor these ‘‘x’”’ steroid(s) 
dropped to only 18 per cent of the total, rose to 27 per cent immediately 
after, but dropped again with true labor. True labor was preceded and 
accompanied by an increase in the proportion of pregnanediol from 49 
per cent of the total at thirty-four weeks to 63 per cent at delivery, and 
by a decrease in the proportion of pregnanolone from 20 per cent at thirty- 
six weeks to 12 per cent at delivery. 

Whether expressed in terms of percentage composition or twenty-four- 
hour output, therefore, the findings indicate that pregnanolone and some 
as yet unidentified component(s) of the NaPG complex show changes 
associated with the clinical progress of pregnancy that appear to be of 
fully as much physiologic significance as those in pregnanediol itself. The 
most pronounced changes after the thirtieth week were in the ‘‘x”’ steroid (s) 
which were markedly increased between weeks thirty and thirty-four, 
and markedly decreased in relation to both false and true labor. 


Factors influencing the percentage composition of the NaPG complex and the 
total recoveries therein of pregnanediol, pregnanolone and ‘‘x’’ steroid(s) 


Effect of progesterone only. In Table 1 are given the results of analyses 
of NaPG crystals recovered from the urines of a patient given progesterone 
by buccal absorption after intrauterine death of the fetus. Samples from 
3 urines before progesterone treatment, 5 during, and 3 after, were combined 
into 4 pools for analysis as shown in the table. These were recrystallized 
out of 95 per cent ethanol. It has been reported that pregnanolone glu- 
curonide cannot be separated from pregnanediol glucuronide by recrystal- 
lization of the NaPG complex (6). This is confirmed by the findings in this 
experiment, since 14 to 18 per cent of the total steroid was assayed as 
pregnanolone in these recrystallized samples. The ‘‘x”’ steroid(s) also 
appear to be inseparable from the NaPG complex by recrystallization, 
since 23.7 to 36.9 per cent of the total steroid was unaccounted for by 
pregnanediol and pregnanolone. 

The effect of administered progesterone upon the percentage composition 
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of the NaPG complex was clearly one of a decreased proportion of preg- 
nanediol itself and an increased proportion of ‘‘x”’ steroid(s). The effect 
on pregnanolone was less marked, but also pellet of a decrease. 
When calculated on the basis of the twenty-four-hour recoveries of NaPG, 
an increased output of ‘‘x”’ steroid(s) was an unquestionable response to 
progesterone treatment, s eas a 70 per cent increase during adminis- 
TABLE 1. EFFECT OF PROGESTERONE UPON THE COMPONENTS OF THE NaPG COMPLEX 
AND UPON CALCULATED 24-HOUR VALUES FOR THE “‘x”’ STEROID(S), IN PREGNANCY AFTER 
INTRAUTERINE DEATH OF THE FETUS AT 333 WEEKS 












































} Pooled ‘iaiaai of NaPG T 
Progesterone | Week Total NaPG recrystallized tg? otal d 
(buccal | of f calculated as (95% ethanol): steroid(s) 
tablets) gesta- | ‘‘Pregnanediol,’’| Per cent of total ‘‘P” as per 24-hour 
mg. daily tion mg./24 hrs, |— sample, 
P-diol | P-one | a> a mg. 
None 34 69.2 16.4 
None 34+ w12 16.8 
None 35 66.2 58.3 18.0 23.7 15.8 
60 35+ 74.2 27.3 
60 36 73.2 47.6 15.5 35.9 27.0 
120 36+ 100.0 35.7 
120 37 90.5 49.2 15.5 35.7 32.5 
—— <1. | | 
None | 37+ | 73.2 | 19.0 
None | 38 | 62.5 16.2 
None | 38+ | 44.7 60.0 14.0 26.0 11.6 











tration of 60.0 mg. of progesterone daily, a 100 per cent increase on twice 
this dosage, with a return to the pretreatment level when no more proges- 
terone was taken. This fraction, therefore, may be assumed to represent 
progesterone metabolites. 

Effect of stilbestrol. The NaPG crystals from the urines of 2 women 
were analyzed before and after starting and stopping stilbestrol administra- 
tion. 

Mrs. O. C. had been without stilbestrol for ten days at the twenty-first 
week of gestation and excreted 19.0 mg. of NaPG calculated as pregnane- 
diol in twenty-four hours. Analysis of these crystals (Table 2) showed 69 
per cent as pregnanediol and 29 per cent as pregnanolone, leaving only 2 
per cent unaccounted for. After two days of stilbestrol therapy, her output 
of NaPG calculated as pregnanediol had increased to 24.0 mg. in twenty- 
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four hours. Analyses revealed that the percentage accountable to preg- 
nanediol had dropped to 46 per cent, and that accountable to pregnanolone 
to 20, leaving 34 per cent as “‘x’’ steroid(s). The increased recovery of 
NaPG, therefore, was entirely accountable to an increase in the content 
of ‘‘x’’ steroid(s). With continued therapy with increasing dosages of 
stilbestrol the NaPG continued to rise, an increased content of all three 


TABLE 2. EFFECT OF STILBESTROL UPON THE COMPOSITION OF THE NaPG COMPLEX 
AND UPON THE 24-HOUR RECOVERIES OF ITS COMPONENTS 












































Total NaPG Percentage of Total mg: per 24-hour 
calculated as total ‘‘P’’ as: sample as: 
“‘Pregnanediol,”’ |— —_—_— -— 
mg./24 hrs. P-diol P-one ~~ P-diol | P-one | ae is 
Mrs. O. C. 
21 wks.: before stilbestrol 19.0 69.0 29.0 2.0 13.1 5.5 0.4 
: after 2 days on 50 mg. 
daily 24.0 46.0 20.0 34.0 11.1 4.8 8.1 
27 wks.: after 6 weeks on dosages 
increasing to 75 mg. 
daily 51.0 55.5 16.5 28.0 28.2 8.4 14.4 
: after no stilbestrol for 2 
days 43.0 62.0 18.0 20.0 26.6 7.7 8.6 
Mrs. M. B. (Fig. 2) 
28 wks.: before stilbestrol 24.2 63.4 19.2 19.2 15.0 4.6 4.6 
: after 2 days on 100 mg. 
daily 22.2 49.8 14.5 35.7 11.1 3.2 7.9 
38 wks.: after no treatment for 1 
week 38.7 51.8 16.0 32.2 20.0 6.2 12.5 
; after 3 days on 150 mg. 
daily 42.0 47.5 14.8 36.7 20.1 6.5 15.4 
: after no stilbestrol for 3 | 
days 38.6 54.5 | 15.6 | 29.9 | 20.7 | 6.1 | 11.8 








components contributing to this. At twenty-seven weeks therapy was 
again interrupted and NaPG fell, the drop being associated with lowered 
recovery of all three components but largely due to the decreased content 
of “‘x’”’ steroid(s). Both the percentage composition and the twenty-four- 
hour recovery of pregnanediol, pregnanolone and ‘‘x”’ steroid(s) were 
apparently influenced by ‘stilbestrol administration in a manner quite 
similar to that resulting from progesterone (Table 1), the most pronounced 
change upon the initiation or discontinuation of treatment being in the 
“*x”’ steroid(s). 

Each sample of NaPG from the urine of another patient (Mrs. M. B., 
Fig. 2) was analyzed from the twenty-sixth week of prégnancy to induced 
delivery at term. In this case stilbestrol was not started early, as is recom- 
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mended in prophylactic therapy (1), but postponed until the twenty- 
eighth week, when the patient was already showing clinical signs of 
abnormality, viz., nausea, vomiting and loss of weight. As shown in 
Figure 2 and in Table 2, the most pronounced influence of stilbestrol, 
whether expressed in terms of percentage composition or twenty-four-hour 
recoveries, was upon ‘“‘x’’ steroid(s). In this patient (unlike Mrs. O. C., 
Table 2), the recovery of pregnanediol and pregnanolone did not continue 
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FIGURE 2 


to rise during the six weeks when stilbestrol was continued in increasing 
dosages. Moreover, the augmented output of ‘‘x’”’ steroid(s), as measured 
in the NaPG complex, was not being maintained by the thirty-fourth 
week. Progesterone was also given, therefore, as replacement therapy, 
since the findings suggested that placental secretory activity was not pro- 
ceeding normally. 

Effect of progesterone in stilbestrol-treated patients. The immediate re- 
sponse to 200.0 mg. daily by Mrs. M. B. (Fig. 2) was a rise in total NaPG 
calculated as pregnanediol, amounting to about 15 per cent of the proges- 
terone given. The percentage composition of the NaPG complex was 
shifted so that 39 per cent of this increment was accountable to preg- 
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nanediol, 8 per cent to pregnanolone and 53 per cent to ‘‘x’”’ steroid(s). 
This unidentified portion must have come from the progesterone adminis- 
tered, since a baseline for its recovery prior to progesterone had been 
well established. By the end of one week the level of NaPG had fallen 
off considerably, this being the usual finding in problem patients unless 
the dosage of progesterone is frequently increased. The percentage composi- 
tion of the NaPG crystals remained the same, but shifted when all therapy 
was interrupted for one week. The further drop in NaPG during this week 
was found, upon analysis of the crystals, to be due predominantly to a 
decrease in their content of ‘‘x’’ steroid(s): 

Another patient (Mrs. Van A.) was having uterine cramps at thirty- 
two weeks despite prophylactic therapy with stilbestrol since the twelfth 
week. Her NaPG curve had shown no rise in the 6 preceding weekly analy- 
ses. Without increasing the dose of stilbestrol (112.5 mg. daily), a dose of 
200.0 mg. of progesterone was given intramuscularly. Uterine contractions 
continued and thirty hours later the patient delivered a four and a half- 
pound infant that survived. Her twenty-four-hour output of NaPG before 
progesterone was 35.0 mg. (calculated as pregnanediol). This value rose 
to 73.0 mg. in the twenty-four hours after progesterone was injected. 
There was no change in percentage composition of the crystals such as 
had followed progesterone administration to the patient reported in Table 
1 and to Mrs. M. B., Figure 2. Twenty-eight per cent of the increment in 
NaPG in this patient, however, was accountable to “x” steroid(s) and 
must have come from the progesterone administered. 

Effect of progesterone alone and with estrone. Mrs. I. M., Figure 3, was 
given progesterone with and without estrone over three and one-half 
weeks of a five-week period, during which 26 samples of NaPG were 
analyzed for their content of pregnanediol and pregnanolone. Early in the 
course of our studies of estrogen and progesterone metabolism in pregnant 
women, it was found that the recovery of administered progesterone as 
urinary NaPG was augmented by the simultaneous administration of 
comparatively small amounts of a natural estrogen (13). The findings in 
this patient confirm and extend that observation. 

The ‘“‘x”’ steroid(s) as well as pregnanediol rose markedly during the 
first week when progesterone alone was injected, the total rise in NaPG 
calculated as pregnanediol amounting to 54 per cent of the progesterone 
given, by the end of one week on a dosage of 100.0 mg. daily. Forty-three 
per cent of this increment was accountable to unidentified steroid(s), 46 
per cent to pregnanediol and only 11 per cent to an increased recovery 
of pregnanolone. Doubling the dosage of progesterone resulted in a tem- 
porary increase in the recovery of pregnanediol at the expense of ‘‘x”’ 
steroid(s), followed by a falling off of both as injections of progesterone 
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only were continued. The proportion of the total NaPG accountable to 
“*x’”’ steroid(s), as well as the twenty-four-hour recovery, was again 
increased when estrone was also given. This change was an obvious 
response to combined therapy, since it was reversed each time estrone 
was omitted. The recovery of pregnanediol itself was not influenced by 
estrone, the changes in this curve being closely correlated with starting, 
stopping or increasing the amount of progesterone. Nor did the recovery 





Yes. IT. M. Grav.Il Two Previous Toxic Separations o&f Placenta 















































































































































10 Analysis of NaPG Complex RK with Progesterone and Estrone 
24 hour recoveries 
: Estrone 

4 60 Ai Preqnanedtel Estrone 500 3 

-~l— e—e= X Steroid |fzzz\aey oe) 

a (calculated as ar \ 4 

a Pregnaned iol.) ) bp. 

~| 50} p—n = 20-kelo-Steroid ees: tars 

on (calculated as Rise m “a 

e| Pregnanolone) 4oras 3 

40) Diast. BP = . |200 ' 

v Seclioned |? 

< Lb 

: 30) Sib. oz] a 

9! j L.¢ W. © 

° 

F a , 100 |3 
VY 

ro) + 

c 10) om 

a —— Pro gesterone im, : A 

5 |e 

0 oS : (777m ZZZP77 3 

Week 32 a 34 35 36 
FIGURE 3 


of pregnanolone appear to be augmented by estrone injections, but rather 
to be steadily increased as progesterone was continued in dosages raised 
from 100.0 to 300.0 mg. daily. That enhanced recovery of all three compo- 
nents represented products of the administered progesterone was evi- 
denced by the observation that all three curves returned to the pre-injec- 
tion level when progesterone was discontinued. 

In this patient, whose pregnanediol output was dropping prior to treat- 
ment and whose elevated diastolic pressure had not responded favorably 
to hospital care, progesterone injections increased the pregnanediol output 
and appeared to alter the pathway of progesterone metabolism so that 
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more was converted into unidentified components of the NaPG complex. 
This effect, which, according to the drop in diastolic pressure was a 
beneficial one, could not be maintained by progesterone alone. Combined 
therapy with estrone and progesterone enhanced the beneficial influence 
of the latter, as reflected in the lowered diastolic pressures and the evi- 
dence for greater conversion of progesterone into ‘‘x’’ steroid(s). Estrone, 
however, had no augmentative effect upon the output of pregnanediol 
and pregnanolone, increased recovery of these two compounds being 
correlated with the amounts of progesterone given. In this respect, the 
effect of this natural estrogen differed from that of stilbestrol when pro- 
phylactically administered from early in pregnancy according to our recom- 
mendations (1). Curves for pregnanediol from hydrolyzed urine in 13 
patients who were being so treated, consistently showed a rise with con- 
tinued therapy and a drop each time the drug was experimentally omitted 
for short periods. The immediate response to stilbestrol, however, like 
that to estrone, was an increase in the recovery of “‘x’’ steroid(s) and 
may perhaps reflect, as in the case of Mrs. I. M., a more normal metabo- 
lism of available progesterone. The increased output of pregnanediol 
itself, however, when shown experimentally to be a response to continued 
stilbestrol therapy, would appear to indicate that placental secretory activ- 
ity had been stimulated. 

Influence of various clinical states. There was an apparent correlation in 
Mrs. I. M. (Fig. 3) and throughout these studies, between the clinical and 
hormonal changes. In the untreated patient shown in Figure 1 a decreased 
output of NaPG and especially of the ‘‘x’’ steroid(s) preceded and prob- 
ably reflected changes that were causally related to the onset of uterine 
contractions. Another example of this is shown in Figure 2 (Mrs. M. B.) 
where a steadily dropping curve for ‘‘x”’ steroid(s) preceded the toxic signs 
that made induction of labor advisable. In some cases, on the other hand, 
the clinical condition appeared to influence the pathway of metabolism 
of administered progesterone. An example of this was the observation 
that progesterone given to a patient having uterine contractions (Mrs. 
Van A., page 159) did not alter the percentage composition of her NaPG 
crystals, whereas progesterone given to 2 clinically normal patients 
(Table 1, and Figure 2 (Mrs. M. B. at 34 weeks)) lowered the proportion 
of pregnanediol and raised that of ‘‘x’”’ steroid(s) in the NaPG complex. 
It seems probable that a reciprocal relationship exists between progesterone 
metabolism and clinical states. Increasing secretion and efficient utilization 
of available progesterone must be required for normal development of 
vascular supply to the growing products of conception. Conversely, any 
situation which affects adversely the blood supply to the uterus may 
interfere with the normal production and metabolism of progesterone. 
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This latter situation was exemplified in a patient who had fulminating 
pre-eclampsia when progesterone was given. Temporary alleviation of 
toxic signs by the administration of Protective Pseudoglobulin (14) 
resulted in changes in her excretion of progesterone metabolites that were 
particularly informative. 

Mrs. H. H. (Fig. 4) had been taking stilbestrol since the fifth week, this 
being her eighth pregnancy with no living children. At twenty-nine weeks 
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she was admitted to the hospital because of sudden headache, albuminuria 
and an elevation of blood pressure to 150/110. During the twelve-day 
period of this study she was taking 100.0 mg. of stilbestrol daily. After 
three days of hospital treatment her blood pressure became stabilized at 
about 140/100 but her albuminuria increased from 3.5 to 6.4 Gm. in 
twenty-four hours. In this same three-day interval her total NaPG 
dropped from 26.5 to 15.4 mg. in twenty-four hours. This was accountable 
to a decrease in all three components but was most marked in the ‘x’ 
steroid(s) fraction, which decreased from 30 to 23 per cent of the total. 
During the following eight days a dose of 200.0 mg. of progesterone was 
injected daily. Protective Pseudoglobulin (PPs) was also given every 
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four hours for the first twenty-four hours, omitted for two days, et cetera, 
as shown in the figure. The first day of combined therapy was accompanied 
by an increment in NaPG to 42.0 mg. in twenty-four hours and a shift 
in the percentage composition of this complex so that 38 per cent was 
unaccounted for by pregnanediol plus pregnanolone. Coincident with this 
the albuminuria dropped to 3.5 Gm. in twenty-four hours. When PPs 
was omitted for two days, albuminuria was increased and the total NaPG 
decreased to 35.0 mg. in twenty-four hours, the drop in the latter being 
entirely due to a lowered content of ‘‘x’”’ steroid(s). These same changes in 
relation to giving and omitting PPs were observed twice more. Each time, 
upon omitting PPs, the albuminuria rose higher and the NaPG dropped 
lower, practically all of the drop in the latter being accountable to a 
lowered content of ‘‘x” steroid(s). By the eighth day of progesterone 
therapy albuminuria was not reduced by PPs, the ‘“‘x’’ steroid(s) were 
not increased and a sudden rise in blood pressure to 180/120 led to cesarean 
section. The close correlation between toxic signs, in this patient, and the 
recovery of administered progesterone as NaPG was largely explained by 
changes in the proportion of the NaPG complex that is unidentified. Con- 
version of progesterone to this component appeared to be inversely propor- 
tional to the severity of the clinical condition. 


Preliminary findings in attempts at characterization of the ‘‘x’’ steroid(s) 


Periodic-acid oxidations of the neutral fractions from glucuronidase- 
hydrolyzed NaPG were performed, according to procedures adapted for 
measuring the production of formaldehyde or 17-ketosteroids. The samples 
so treated were ones in which 30 to 38 per cent of the steroid content after 
acid hydrolysis had been unaccounted for by the sum of the values for 
pregnanediol plus pregnanolone. They were pooled and separately analyzed 
according to whether the donors were untreated or being given large 
dosages of stilbestrol or progesterone. In testing for formaldehydogenic 
compounds the method of Daughaday et al. (15) was followed, crystalline 
desoxycorticosterone being subjected to the same procedure and used as 
the reference standard. The accuracy of the method followed for periodic- 
acid oxidation and subsequent tests for 17-ketosteroids was ascertained 
by running model experiments with crystalline pregnane 3(a), 17,20-triol 
with 90 to 100 per cent recovery.‘ The SbCl; (16), as well as the Zimmer- 
mann color reaction, was used in testing for 17-ketosteroids both before 
and after periodic-acid oxidation. The periodic-acid oxidations and subse- 
quent tests for formaldehyde and 17-ketosteroids were run on the total 





4 The authors are indebted to Dr. Gregory Pincus for samples of crystalline desoxy- 
corticosterone and pregnane 3(a)17,20-triol, and also for advice regarding the method 
used for detecting 17-ketogenic steroids. ; 
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neutral fractions, on the ketonic and nonketonic fractions after Girard 
separations, and on ether extracts of the supernatant liquid after removal 
of pregnanediol by precipitation out of ethanol with water. There was no 
evidence in any of the NaPG samples for the presence of measurable 
amounts of formaldehydogenic or 17-ketogenic components. If such were 
present they must have constituted less than 2 per cent of the total NaPG 
calculated as pregnanediol. This eliminates 20-21 (a)ketols and glycols such 
as the various corticosterones and pregnane 3(a)20,21-triol. It also elimi- 
nates glycols hydroxylated at C-17 and C-20 such as pregnane 3(a),17,20- 
triol, one of the adrenal steroids known to be excreted as a glucuronide (17). 


DISCUSSION 


The NaPG complex, as recovered by the Venning method from the 
urines of pregnant women, appears to be made up of two known products 
of progesterone metabolism, pregnanediol and pregnanolone, and a third, 
unidentified fraction, the recovery of which is increased by progesterone 
administration. It is not surprising, therefore, that measurement of the 
total NaPG complex gives curves of excretion more closely related to clini- 
cal progress than may be acquired by assays for pregnanediol alone, espe- 
cially since the recovery of the “‘x’”’ steroid(s) appears to be a more sensitive 
index of changes in physiologic function than does that of pregnanediol 
or pregnanolone. 

Recovery of NaPG and analysis of the crystals is by no means an ideal 
way to follow the excretion of the various progesterone metabolites, for a 
number of obvious reasons. Not only is it a tedious process requiring the 
utmost quantitative exactitude, but we have no assurance that all of the 
urinary pregnanolone or that all of the unidentified products of pro- 
gesterone are extracted by the Venning method. That more pregnanolone 
is excreted than was recovered in these studies is indicated by the previous 
findings of other investigators (18, 19), whose results on hydrolyzed urine 
indicate a much greater output of 20-ketosteroids in late pregnancy. 
Furthermore, quantitative estimations of unknown constituents that 
must be derived from calculations based on the difference between values, 
are not satisfactory. The fact that progesterone metabolites have been 
shown to contribute significantly to the values for these “‘x’’ steroid(s) 
gives added incentive to attempts at their identification, after which 
truly quantitative methods for measuring them may perhaps be devised. 

Recognizing the unavoidable shortcomings of the methods employed 
in these studies, we are justified in drawing certain conclusions concerning 
the significance of the findings. The consistent indication throughout, 
that the recovery of unidentified components of the NaPG complex pro- 
vides an especially sensitive index of progesterone metabolism cannot be 
explained on the basis of these shortcomings. Nor can the evidence that 














February, 1952 EFFECT OF STILBESTROL ON NaPG IN PREGNANCY 165 


stilbestrol administration has an effect upon the percentage composition 
of the NaPG complex entirely similar to that of progesterone administra- 
tion be laid to any artifacts introduced by the methods employed. It seems 
probable that the immediate response to stilbestrol administration is a 
more normal metabolism (and utilization) of progesterone, this change 
being reflected in the NaPG complex by an increased content of ‘x’ 
steroid(s), sometimes at the expense of pregnanediol. This latter phenome- 
non accounts for the drop in pregnanediol output observed by Sommerville 
et al. (3) at the very start of stilbestrol administration. These investigators, 
like ourselves however, have noted a subsequent rise in pregnanediol as 
prophylactic therapy was continued, although their studies differed from 
ours in that patients were followed for only relatively short periods. 
With prolonged therapy in steadily increasing dosages, pregnanediol as 
well as total NaPG, rose well above the pretreatment level in most cases 
and dropped when therapy was interrupted. Such observations would 
indicate that the drug was capable of stimulating increased secretion of 
progesterone as well as more normal metabolism, so long as the placenta 
was capable of increased secretory function. 

The preliminary findings herein reported on the analyses of neutral 
fractions from glucuronidase-hydrolyzed NaPG does not, of course, rule 
out all known or as yet unknown adrenal steroids as contributing to the 
‘unidentified components. The excretion of such adrenal steroids, following 
stilbestrol administration, would not be surprising, since this synthetic 
estrogen has been found to be a particularly potent one in stimulating the 
release of adrenotropic as well as gonadotropic factors from the pituitaries 
of rats (20). The results of the present investigation point towards proges- 
terone as the precursor of the ‘‘x”’ steroids; but, considering the close 
similarity between the structural formulae for progesterone and the adrenal 
steroids, it is not beyond the realms of possibility that both might have 
identical or very closely related excretory products. There is, moreover, 
some theoretical basis for suggesting that adrenal or adrenal-like steroids 
and progesterone may supplement or even replace one another in the main- 
tenance of normal pregnancy. Of particular interest in this connection is 
the recent work of Jailer and Knowlton (21) who have adduced evidence 
for the placental secretion of adrenal-like hormones in Addisonian patients. 
The answer to the exact mechanism of the apparently beneficial influence 
of stilbestrol as a prophylactic measure in pregnancy may well be forth- 
coming when more has been learned concerning these possible interrela- 
tionships. 


SUMMARY 


Quantitative analyses for pregnanediol and 20-ketosteroid (pregnano- 
lone) have been performed in duplicate upon 102 samples of NaPG 
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crystals recovered from the urines of 7 pregnant women. The samples 
for analysis were chosen with particular reference to comparing the per- 
centage composition in relation to clinical states and hormone administra- 
tion. Two to 38 per cent of the total NaPG (calculated as pregnanediol) 
was unaccounted for by pregnanediol itself plus pregnanolone. This frac- 
tion is referred to as the ‘‘x”’ steroid(s) of the NaPG complex. 

In both treated and untreated patients the ‘“‘x’”’ steroid(s), whether 
expressed as percentage composition or in terms of twenty-four-hour re- 
covery, were highest when the total output of NaPG was at a peak and 
pregnancy was progressing normally. Prior to uterine contractions or toxic 
signs, this was the fraction most markedly decreased. 

Administration of progesterone was consistently followed by an increased 
recovery of these unidentified component(s) of the NaPG complex, some- 
times at the expense of pregnanediol and pregnanolone when therapy was 
first started or the dosage increased. Exactly similar responses followed 
stilbestrol administration. Continued therapy with either progesterone or 
stilbestrol was associated with increasing output of pregnanediol and 
pregnanolone as well as ‘‘x’’ steroid(s); and a drop in all three occurred 
when therapy was interrupted. 

Estrone, in relatively small dosages over short intervals, increased the 
output of NaPG in a progesterone-treated patient, all of the increment 
being accountable to higher content of ‘‘x’’ steroid(s). 

In a case of severe pre-eclampsia the recovery of administered proges- 
terone as NaPG was increased when temporary alleviation of toxic signs 
was accomplished by the simultaneous administration of Protective 
Pseudoglobulin. The unidentified ‘‘x’”’ steroid(s) were the components that 
largely accounted for the increment observed. 

The possibility was eliminated that compounds were present in the 
NaPG complex as glucuronides, which are split by periodic-acid oxidation 
to give formaldehyde or 17-ketosteroids. 

Certain conclusions concerning the influence of stilbestrol in pregnancy 
have been drawn and theoretical possibilities discussed. 


Addendum 


As was pointed out by Marrian in 1948 (8), it has been known for some time that 
stereoisomers of pregnane-3(a),20(a)-diol and of pregnane-3(a)-ol-20-one were present 
in human pregnancy urine. The conjugated forms in which they were excreted, however, 
had not been known, nor had there been any proof that they were products of proges- 
terone metabolism. Since this paper was submitted for publication, two groups of in- 
vestigators have reported the isolation of allopregnane-3(a),20(a)-diol from the butyl 
alcohol extracts of the urine of progesterone-treated patients (22, 23). The observations 
of Kyle and Marrian (22) indicate that allopregnane-3(a@),20(a)-diol glucuronide would 
not be quantitatively recovered in the NaPG complex, since it is partially soluble in 95 
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per cent acetone. Some of it, however, would be carried through the two precipitations 
of the Venning procedure and thus contribute to the weight of the NaPG crystals. 
Through the kindness of Dr. Dorfman we have procured an authentic sample of allo- 
pregnane-3(a),20(a@)-diol for study. We had assumed that any isomers of these com- 
pounds would behave alike and be measured as pregnane-3(a),20(a)-diol or preg- 
nane-3(a@)-ol-20-one in the methods employed for analyzing the NaPG complex.? Re- 
covery experiments with allopregnane-3(a@),20(a@)-diol have revealed that this is not the 
case with this compound. In the first place it is slightly less chromogenic than preg- 
nanediol in the H»SO, color test. In the second place, it is precipitated out of ethanol 
with water in the form of a fine suspension which will not clear on centrifuging, and part 
of which passes through a No. 4 Whatman filter paper or a sintered glass funnel of me- 
dium porosity. Pregnanediol, on the other hand, precipitates as a flocculum which is well 
packed by centrifugation and quantitatively retained by filtration (9). Only a little 
over half of any allopregnane-3(a@),20(a)-diol present, we find, would be measured as 
pregnanediol in our analyses of NaPG crystals. The rest would contribute to their ‘‘x’’ 
steroid content. It remains to be determined how the other known isomers of pregnan- 
ediol and pregnanolone would behave in the methods of hydrolysis, extraction and assay 
employed. The possibility that they also might contribute to the unidentified portion 
of the NaPG complex must be considered, especially since it now seems safe to assume 
that all of them are products of progesterone metabolism (23). 
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URING the course of investigations on the divergent pharmacology 
of estradiol, stilbestrol and several ethers of stilbestrol (1, 2) it was 
noted that some of the ethers seemed to have a marked pituitary potenti- 
ating capacity. Several substances were tested specifically for this property. 
One of them, the monobenzyl ether of stilbestrol, was found exceptional 
in this respect. It has been assayed in animals, and tested clinically in 
humans. The primary interest in the compound stems from its potential 
clinical value in the treatment of chronic secondary amenorrhea and other 
hypogonadotropic states. The present report will present some of the 
_ data obtained in the animal studies as well as the results thus far obtained 
from the use of monobenzyl ether of stilbestrol in the treatment of 18 
women with chronic secondary amenorrhea. 


METHODS AND MATERIAL OF STUDY 


The substance has been tested in rabbits, immature rats, and humans. 
The material has been administered in an olive oil solution by subcutaneous 
or intramuscular injection. 


Tests in rabbits 

The substance’s pituitary-stimulating activity was first noted during the 
assay of its antiprogesterone activity. In this assay female rabbits were 
mated, oophorectomized sixteen to twenty-four hours after mating, and 
injected with both progesterone and the substance being assayed on the 
second, third and fourth days after mating. Eighteen to twenty-four hours 
after the last injection the animals were killed and studied. The time of 
autopsy thus corresponds to what would normally be the fifth day of 


pregnancy. 
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Ten animals were used in the study of the effects of the monobenzyl 
ether. Six of these had been pregnant and delivered of young; they were 
used one month or more after weaning the offspring. The other 4 were 
young does which had never been pregnant. The mammary glands of the 
6 animals which had had litters had undergone involution at the time they 
were used in this assay. At autopsy of the 6 older rabbits, it was found that 
the mammary glands had become as large as is usually seen just prior to 
delivery. The glands were engorged with a milk-white fluid, presumably 
colostrum. The 4 animals which had never been pregnant showed no such 
response. 

The material was injected intravenously into 5 animals to determine its 
capacity to release luteinizing hormone from the pituitary. Each animal 


gave a negative response. 


Studies on immature rats 

The substance was assayed for estrogenic potency by the Astwood 
assay technique. It was found that a dose of 50 gamma was needed 
per rat to produce the effect expected from 0.15 gamma of stilbestrol. If 
the substance possesses estrogenic potency in the standard sense, then it 
has at best 1/300 the activity of stilbestrol. 

In Table 1 are presented the data obtained in a series of experiments 


IXFFECTS OF DOSAGE PER DAY, AGE OF IMMATURE RAT, AND LENGTH OF TIME INJECTED 
WITH STILBESTROL AND ITS MONOBENZYL ETHER, IN INDUCING OVULATION 


a No. of Dose per oe No. of rats 
nit . days day, in we showing 
injected micrograms * ovulation 
Monobenzyl ether of stilbestrol 

21 12 of 14 10 Z 3 
22-23 2 10 } 0 

23 6 20 5 3 

24 14 10 4 4 

24 14 5 4 3 

27 4 10 6 | 

27 8 2 3 0 

28 6 5 6 2 

28 3 10 o 0 

Stilbestrol 

22-23 5 al 5 0 
22-23 5 30 S 0 
22-23 5 1.0 5 3 

23 6 10 4 I 

24 14 1.0 5 } 

24 14 oil 5 3 
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designed to compare the ovulation-inducing capacities of the ether and 
its parent substance. It can be seen from these data that the ether has at 
least ;4, and possibly } the ovulation-inducing capacity of stilbestrol. The 
uteri obtained from the animals in this study were in every case larger in 
the stilbestrol-injected animals than in those injected with the ether. 


Clinical studies 

Controls for this experiment consisted of 10 postmenopausal women, 2 
of whom had been oophorectomized. In addition, a woman aged 40 with 
proved ovarian agenesis also received the monobenzyl ether for three 
weeks, 

Eighteen women presenting chronic secondary amenorrhea as a primary 
complaint were chosen for study. They ranged in age from 23 to 34 years. 
None of these women had menstruated, except under conditions of with- 
drawal bleeding, for at least one year prior to beginning therapy with the 
monobenzyl ether. The minimum duration of the presenting symptom in 
these patients was three years, the average five years, and the maximum 
nine years. All the patients were sterility problems and had had frequent 
uterine biopsies and examinations by gynecologists of the staff of the 
Fertility Clinic or the Gynecological Service. In no instance was there a 
biopsy report which gave indication of ovulation. In summary, it can be 
said that all these women had classic examples of chronic secondary 
amenorrhea. In all, anovulatory bleeding had been induced intermittently 
by therapy with estrogens (withdrawal), or with estrogens (withdrawal) 
in combination with progesterone, or with chorionic gonadotropin. Several 
had had ‘“‘stimulative” x-ray therapy to the pituitary or ovaries or both. 
Each patient had had one or more courses of a more traditional type of 
therapy, such as desiccated thyroid, Vitamin E, or a weight reduction 


program. 


Mode of study and therapy 

The patients: in the control group had been treated successfully with 
orally administered diethylstilbestrol in daily doses of 0.5 to 2.0 mg. for 
months or years. This therapy was omitted from four to six weeks prior 
to the trial of monobenzyl ether. All of the patients in this group experi- 
enced recurrence of symptoms, a reversal of the vaginal cytologic picture 
from complete cornification to atrophy, increasing levels of urinary gonado- 
tropins and, in the majority, withdrawal bleeding. Intramuscular adminis- 
tration of monobenzyl ether was then initiated in doses of 1.0 mg. three 
times weekly and continued for three weeks. The patients collected daily 
vaginal smears during this period and submitted a 24-hour urine specimen 
for assay of pituitary gonadotropins at the end of the period of treatment. 

The patients with secondary amenorrhea recorded their basal tempera- 


, 











172 N. T. WERTHESSEN AND 8. L. GARGILL Volume 12 


tures daily and collected daily vaginal smears for one month before 
therapy with the monobenzyl ether was initiated. During this time com- 
plete physical examinations and routine laboratory studies of the urine 
and blood were carried out in each patient. Additional studies included 
roentgenograms of the skull, determination of the basal metabolism and 
measurement of the 24-hour excretion of urinary 17-ketosteroids and 
gonadotropins. Most of the patients kept temperature charts and collected 
vaginal smears daily throughout the period of treatment and for several 
weeks after termination of the study. The assays of urinary 17-ketosteroids 
and gonadotropins were repeated at the end of treatment. The 17-keto- 
steroids were measured colorimetrically by the Zimmermann reaction as 
modified by Talbot and his coworkers (3), and the gonadotropins by the 
method of Pincus (4). The vaginal smears were stained by the method of 
Shorr (5). 

Both the control group and secondary amenorrheic group were given | 
mg. of the ether by intramuscular injection three times weekly for three 
weeks. In the experimental group injections were then discontinued for 
one week and resumed for another three weeks if the patient returned. 
Depending on the response, another course of therapy was then started. 
In 2 patients, a dose of 2 mg. of the ether was injected three times weekly 
during the second and third courses. 

The physical examination, the laboratory studies of the urine and 
blood, the basal metabolism and the roentgenograms of the skull gave 
normal results in all patients. No toxic effects were observed in any of the 
patients treated with the monobenzyl ether of stilbestrol. 

Vaginal smears. After administration of the monobenzyl ether to the 
control group no change in the vaginal smear was observed. There was no 
indication of a response to estrogenic stimulation. Contrariwise, in the 
amenorrheic group there was an obvious response in all instances. Changes 
in the vaginal picture were seen even in those patients who received only 
one course of injections. 

An interpretation of the results found in the vaginal-smear study is 
impossible at this time, partly owing to the fact that no consistent pattern 
was found in all the patients prior to therapy. Smears were seen which 
ranged from those indicating an almost normal estrogen production for 
several days at a time, to those indicating no ovarian secretion. The 
response after therapy gave rise to cells with staining characteristics which 
were completely outside the examiners’ experience. 

Further study of the vaginal-smear picture in secondary amenorrhea 
before and after therapy may, in our opinion, make it possible to estimate 
the severity of the causative endocrinopathy. 

17-Ketosteroids and gonadotropins. The urinary 17-ketosteroids were 
within the range of normal prior to treatment and showed no change after 
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the termination of the study. The gonadotropins were markedly elevated 
in the control group and remained abnormally high after treatment. One 
of the patients in the experimental group showed 44 mouse units of gon- 
adotropins before treatment and 37 mouse units after treatment. All of 
the other women in the experimental group had normal values for gonad- 
otropins before and after treatment. 

Menses. No resumption of menses was observed in the control group. 
In the experimental group, 9 women failed to menstruate. These women 
had only one course of injections. Nine other women who had more than 
one course of therapy menstruated after the second or third course. Of 
these 9, 5 have resumed cyclic menstruation. 

Pregnancy and ovulation. Three women became pregnant.! One of these 
did not have an opportunity to show renewal of cyclic menstruation prior 
to pregnancy (Case 1). Endometrial biopsy specimens showed luteal 
endometria in an additional 2 women. The case histories of the women who 
became pregnant are presented: 


Case 1: S. R. was a 23-year-old married nurse with chronic recurrent secondary 
amenorrhea. She had always been healthy and vigorous. No unusual illness occurred 
during childhood. She grew and developed at a normal rate. Menarche occurred one 
month before the twelfth birthday, but the menstrual cycles wére irregular from the 
beginning. Between her twelfth and seventeenth years she averaged about four menstrual 
periods each year. The periods were usually painless, were moderate in amount of flow 
and lasted from three to four days. During her seventeenth year, her first year at the 
nurses’ training school, her weight increased by 20 pounds, and she menstruated only 
once. She married at the age of 20 and had several normal periods in the ensuing one and 
a half years. Then she became amenorrheic again and had no catamenia during the 
eighteen months preceding the trial of monobenzyl ether therapy. She had received 
desiccated thyroid in daily doses of from 0.130 to 0.2 Gm. (2 to 3 grains) for fourteen 
months, with no effect on the amenorrhea. About ten weeks before this study she had 
acute appendicitis; at operation the surgeon noted normal ovaries but a very small 
“infantile” uterus. 

Physical examination, routine urine and blood tests, basal metabolism determination 
and roentgenogram of the skull all yielded entirely normal findings. The vaginal smears 
showed a largely atrophic epithelium, and endometrial biopsy specimens revealed an 
atrophic endometrium. The 24-hour urinary 17-ketosteroids were 11.2 mg. and the 
gonadotropins 12 mouse units before initiation of treatment with monobenzy] ether; 
and 8.09 mg. and 8 mouse units, respectively, after the third series of injections. 

Intramuscular injections of monobenzyl ether in doses of 1.0 mg. three times weekly 
were started on December 5, 1949. Three days after the fourth injection the patient noted 
painful engorgement of the breasts which was followed two days later by onset of men- 
strual flow. The flow lasted five days. Neither the basal temperature chart nor the 
vaginal smears indicated that ovulation had occurred prior to this flow. A second series 
of injections was then given for three weeks. Within three days after cessation of injec- 
tions the breasts became swollen and two days later another flow started, lasting four 
days. This flow was also anovulatory, as judged by lack of change in the basal tempera- 


' See Addendum. 
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ture chart and in the vaginal smear. The third series of injections, however, was followed 
by a flow which lasted five days and which, by all indications, terminated an ovulatory 
eycle. No more injections were given. On the seventeenth day of the succeeding cycle, 
the temperature chart indicated ovulation. Coitus was engaged in on the eighteenth and 
nineteenth days, and the temperature chart showed a persistent elevation. Catamenia 
failed to occur. A positive response to the Friedman test was obtained on the thirty- 
sixth day of the eyele and pregnancy terminated successfully in December 1950, with 
the birth of a daughter. Menstruation was resumed spontaneously in February 1951 
and has recurred every twenty-six to twenty-eight days since then. 

Case 2: H. V., was a 25-year-old married housewife with chronic amenorrhea of seven 
years’ duration. She had always been well and the menarche occurred during her twelfth 
year. Until the age of 17 the periods were somewhat irregular, with the longest interval 
being about six weeks, but they were normal in other respects. During her seventeenth 
year catamenia ceased for no discernible reason. She consulted several physicians and 
was treated at various times with chorionic gonadotropin, estrogen-progesterone, 
desiccated thyroid, vitamin E, and, in September 1948, with low-dosage x-ray radiation 
of the ovaries. At no time was there any indication of ovulation, although she did have 
oceasional withdrawal bleeding or staining. Most of the studies and therapy had been 
carried out during the preceding five years. She had married at the age of 20 and was 
extremely desirous of pregnancy. Her husband was found to be highly fertile. 

Numerous endometrial biopsy specimens had been obtained during the periods from 
1945 to 1950, which showed pictures ranging from proliferative and hypoplastic to 
atrophic endometrium. When she appeared for study in January 1950, the results of her 
physical examination and laboratory tests were found to be entirely normal. The 24- 
hour urinary excretion of 17-ketosteroids was 8.8 mg., and gonadotropins amounted to 8 
mouse units. The vaginal smears showed atrophy of the vaginal lining. The basal tem- 
perature chart was flat. 

Therapy with monobenzy!] ether of stilbestrol was begun in February 1950, in doses 
of 1.0 mg. three times weekly for three weeks. This dosage schedule was maintained 
for three series of injections. The beginning of each series was followed within two or 
three days by swelling of the breasts and, after another three days, by a flow which 
lasted three or four days but which was clearly anovulatory. An endometrial biopsy 
specimen taken on May 18, 1950, showed an atrophic endometrium. 

Two more series of injections were given in June and July, 1950, with the dosage 
level increased to 2.0 mg. three times weekly. The flow which followed the last injection 
on July 8 was anovulatory but the following catamenia which occurred spontaneously 
on August 27 was clearly ovulatory, as judged by the changes in the temperature chart 
and in the vaginal smear, with the date of ovulation probably on the twelfth day of the 
cycle. The patient then continued to have menstrual periods every twenty-eight to 
thirty days. An endometrial biopsy specimen taken on October 5, 1950, the first day 
of flow, showed “menstrual endometrium, day 1.”’ 

She had another menstrual period during the first week of November but the expected 
catamenia in December failed to appear. The Friedman test response was positive. 
The pregnancy has continued uneventfully and she is due for delivery on or about 
August 10, 1951. 

Case 3: E. McA., was a 32-year-old married housewife with chronic secondary 
amenorrhea of nine years’ duration. Her menarche occurred during her thirteenth 
year and she had fairly regular and normal menses until her twenty-second year, when 
they ceased about four months after marriage. Fear of pregnancy may have been a factor. 
However, after several months of amenorrhea she started on a long series of treatments 
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which at various times consisted of the use of desiccated thyroid in daily doses of 4 
vrains, Vitamin I in large doses, estrogen-progesterone therapy, low-dosage x-ray to 
the ovaries, and injection of chorionic gonadotropin. Occasionally withdrawal bleeding 
would follow omission some of these procedures but at no time was an endometrial 
biopsy specimen obtained which showed anything but an atrophic endometrium. 

She had always been healthy and vigorous. Results of physical examinations, urine 
and blood tests, roentgenograms of the skull and the basal metabolism were normal. 
The vaginal cytologie picture showed atrophy, and the basal temperature chart was 
flat. The excretion of 17-ketosteroids in a 24-hour urine specimen was 4.88 mg. and of 
vonadotropins, 10 mouse units. 

Monobenzy! ether therapy was begun in Mareh 1950, in a dosage of 1.0 mg. three 
times weekly for three weeks. This series was repeated in April and May, anovulatory 
flow occurring after each series. An endometrial biopsy specimen obtained on May 
8, on the first day of flow, showed an atrophic endometrium. Treatment with monobenzyl 
ether was resumed in July in a dosage of 2.0 mg. three times weekly for three weeks. 
Similar series of injections were administered in August and September. The flow which 
followed the last injection in September appeared to be ovulatory, the temperature 
chart indieating that ovulation had probably occurred on the sixteenth day. Spontaneous 
menstruation occurred in October and November and although in both instances it 
was clear that ovulation had occurred, the patient insisted on getting a course of low- 
dosage x-ray therapy to the ovaries. She received a total of three treatments, each 
consisting of 25 roentgen units, during the latter half of November. In December the 
expected catamenia failed to appear and a Friedman test gave a positive result. Preg- 
nancy has continued uneventfully. She is due for delivery on or about August 15, 1951. 

It is unfortunate that the complicating factor of low-dosage x-ray therapy was intro- 
duced in this case. Its role in the pregnancy that followed is difficult to evaluate. In 
view of the fact this patient had received two courses of such x-ray therapy prior to the 
trial of monobenzyl ether, without any change in her amenorrheie status, we are inclined 
to feel that its role was not significant, especially since the two preceding cycles were 
ovulatory. 

DISCUSSION 

The results thus far obtained with this compound do not clarify the 
nature of the amenorrhea in this group of women. In most respects the 
amenorrhea conformed to the so-called “hypothalamic” type (6); however, 
no emotional or environmental factor could be elicited. It has not been 
possible to find in the literature or to estimate from our previous experience 
the approximate expectancy of spontaneous remission in this type of 
case. Such an approximation would be of considerable help in evaluating 
the data presented. It has been our experience in the past that only 
occasionally do such patients respond to therapy; moreover, there is no 
definite pattern observable in their response. An occasional patient has 
responded to thyroid, and another to low dosage of estrogen combined 
with chorionic gonadotropin. Each case has been regarded as a specific 
problem requiring much time and effort to obtain a beneficial result. 

Complete elucidation of the mode of actior of a pharmacologic agent 
such as the substance reported here, is exceedingly difficult. No single 
technique provides an unequivocal answer. In this particular instance, for 
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example, two reasonable explanations for the mechanism are available. 
The first explanation assumes that the substance exerts its effect by means 
of pituitary stimulation; the second assumes the substance has the capacity 
to sensitize the end organ to pituitary hormones. 

In an attempt to clarify the problem, Reiner et al. (7) have tested the 
material in hypophysectomized animals. They found it to be inactive in 
such circumstances. 

It is our opinion that the substance stimulates the pituitary to release 
LH or prolactin or both. This opinion is based on the fact that good evi- 
dence for prolactin action was found in the rabbit series and that the 
amenorrheic women not only began to menstruate cyclically, but also 
ovulated. The breasts became painfully engorged two or three days before 
the onset of flow. 

If the substance’s effect were limited to sensitization of the end organ 
it is difficult, though not impossible, to envisage a sensitization which is 
so general that it applies to two distinctly different types of pituitary- 
hormone effects, such as the prolactin and gonadotropic responses. 

The sensitization hypothesis would also, in the amenorrheic women, 
require the second assumption that, once sensitized, the ovary maintained 
its sensitivity. The hypothesis that the monobenzyl ether’s effect is medi- 
ated through the pituitary requires no such second assumption. Sufficient 
evidence has been gathered to show that, once it is stimulated to function, 
the pituitary-ovary interrelationship is a self-sustaining system. Gaaren- 
stroom and de Jongh (8) have gathered the evidence concerning this 
relationship and in particular have shown the capacity of the secreted 
steroids to maintain the gonad. 

Because of the capacity of the secreted estrogen to stimulate the ovary 
we have not in this discussion stressed the ether’s capacity to induce 
ovulation in the immature rat. This capacity, as shown also by our data, 
is common to estrogenic substances. The significant finding in our experi- 
ments was the fact that uteri from ovulating animals treated with the 
monobenzyl ether were smaller than those from controls treated with 
equally effective doses of stilbestrol. These data indicate that in the clinical 
application of the compound, changes in uterine size, endometrial growth 
and vaginal-cell response can be attributed to estrogen secreted by the 
ovary, rather than to a side effect, albeit desirable, obtained from the drug 
employed. 

It is this latter property, or rather, lack of ability to stimulate uterus 
or vagina, which in our opinion renders the substance useful. In our clinic 
we have obtained successful results in the therapy of amenorrhea by the 
administration of estrogens. The difficulty in such therapy, however, has 
been the need to discount each induced menses as due to withdrawal 
bleeding. The data obtained from the postmenopausal women indicate 
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that such discounting is not requisite when using the monobenzyl ether. 
The data available are too scant to indicate whether or not pituitary 

inhibition at high dosage levels is to be expected. Study of this problem 

is in progress. 
SUMMARY AND CONCLUSIONS 
The potential clinical value of the monobenzyl ether of stilbestrol as 
a pituitary stimulant was shown by experiments in rabbits and rats. The 
substance was tested clinically in 10 postmenopausal women, in 1 woman 
with ovarian agenesis, and in 18 women with secondary amenorrhea. No 
estrogenic response was noted in the postmenopausal women and in the 
patient with ovarian agenesis. Nine amenorrheic women receiving one 
course of therapy showed no clinical response. Of the remaining women, 
all of whom received two or more courses of therapy, all menstruated, and 
5 resumed cyclical menses, with evidence of ovulation. Three! of the latter 
became pregnant. 
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Addendum 

Since this paper was submitted for publication, a fourth patient has become pregnant 
and is due to be delivered on or about April 30, 1952. This patient, aged 23 years, had 
been amenorrheic for seven years and several biopsy specimens had showed atrophy of 
the endometrium. She was given the monobenzyl ether of stilbestrol orally in a dose of 

1.5 mg. daily for twenty days each month. Following the fourth month of therapy she 

had an ovulatory flow, and showed signs of pregnancy about one month later. 
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A STATISTICAL ANALYSIS OF THE ‘ACTH TEST”’: 
CHANGES IN THE EOSINOPHIL COUNT IN NORMAL 
AND IN PSYCHONEUROTIC SUBJECTS* 


HARLEY C. SHANDS, M.D. ann FREDERIC C. BARTTER, M.D.7+ 
From the Departments of Psychiatry and Medicine, Massachusetts General Hospital, 
Boston, Mass. 


HE recent intense interest in the functional state of the adrenal 

cortex in morbid emotional conditions has led us to an investigation 
of the responses of normal and psychoneurotic subjects to single doses of 
ACTH.! Utilizing the changes in the number of circulating eosinophils as 
an index, we have been unable to find any significant difference between 
the two groups tested. The eosinophil responses of the whole group demon- 
strated a degree of internal consistency which made it possible to conduct 
a statistical study of the responses in a population of 40 individuals. This 
study forms the subject of the present communication. 


SUBJECTS AND METHODS 
The distribution, by sex and diagnosis, of subjects chosen for study, is 


given in Table 1. 


TABLE | 

Psychoneurotic Normal 
Male I] 9 
Female 11 9 


The patients were all in-patients of the psychiatric ward of the Massa- 
chusetts General Hospital, admitted for the study and treatment of 
psychoneurosis. Symptoms of anxiety were slightly more common among 
the male subjects, and those of hysteria among the female subjects, but 
there was considerable overlapping. 

The normal control subjects were doctors, nurses, technicians, and 
students working in the hospital. They all had a good work record, and 
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none had complained of any severe or moderately severe symptoms of 
psychoneurosis. 

The tests were carried out in the morning, and all subjects remained 
fasting and recumbent throughout the testing period. After venous blood 
had been taken for an initial eosinophil count at 9. A.M., 25 mg. of ACTH 
(based on Armour Standard LA 1A) dissolved in physiologic saline was 
administered intramuscularly. Venous blood samples were drawn for 
eosinophil counts at intervals of one, two, three, and four hours after the 
injection. 

The blood was placed in tubes containing ‘“‘balanced oxalate’? and the 
tubes immediately iced. Counts were made by the method outlined by 
Hills, Forsham and Fineh (1). 

“25mg, ACTH 


NO./CUMM. 
700; J 


O-FEMALE PATIENTS 
O-FEMALE CONTROLS 
@-MALE PATIENTS 
O-MALE CONTROLS 


600; 


500 - 





Fig. 1. The change of absolute eosinophil count with time, in the patients and the 
control subjects. ACTH was given immediately after the count at time 0. 


2 “Balanced oxalate’ contains 2 parts potassium oxalate and 3 parts ammonium 
oxalate by weight; this mixture is used in the proportion of 5 mg. to each 2 cc. of blood. 
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RESULTS 

The results are shown graphically in Figure 1. 

Regression equations (2) have been calculated for the changes of absolute 
numbers of circulating eosinophils with time, in the four groups of patients. 
These take the form: 

y=a+b(x—.4), where 

y =absolute number of eosinophils 

a=the mean of all eosinophil counts 

b=slope of curve (change of y per unit change of x) 
x =the time in hours after injection at time 0 
=the mean time for the experiment, =2 hrs. 


The coefficients with their variances’ are set forth in Table 2. From this 
table the following facts emerge: 


TABLE 2 


a* Va b Vb 
Male patients 173 129.6 —37.75 64.79 
Female patients 111 218.6 —29.41 106.27 
Male controls 200 298 .1 —48 .63 142.26 
Female controls 114 71.2 | —30.93 34.00 
All subjects 149 52.1 — 36.26 25.07 
All patients 142.6 348 .2 — 33.46 46.5 
All controls 157.2 369.3 —39.78 54.6 


d**= 14.6 Vdt =717.5 d= 6.32 Vd=101.1 od =10 


od = 26.8 
C= 5 
pH< 4 
All males 185.0 127.7 —42.59 17.9 
All females 112.5 289.8 —30.09 38.8 
d= 12.5 Va=717.5 @=1235 Vd= 86.7 od =9.3 
od = 26.8 
C=H254 c=1.34 
p=<.-.0l p>. 


* For key, see text. 
** d= Difference. 
+ Vd=Variance of difference. 


3’ Variance =o". 
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1. There is no significant difference in the rates of decrease of the number 
of circulating eosinophils with time (b values) between patients and 
control subjects, nor between male subjects and female subjects. 

2. There is a significant difference (p<.01) in the means of eosinophil 
counts (a values) between male and female subjects, but not between 
patients and control subjects. That is, the females started with 
counts significantly lower than the counts in the males. 

The regression of eosinophil counts on time (b values) is dependent on 
the initial count. It is clear from inspection of Figure 1 that the steeper 
slopes occur in the curves starting from the higher values at time ‘‘0.”’ 
There is thus a wide ‘“‘seatter” in the slopes of individual curves, with the 
males tending to show steeper slopes than the females. 

The influence of the initial value may be eliminated by expressing the 
data in logarithmic form. The slope of the ‘‘log-eosinophil’’ curves will 
be an expression of ‘‘per cent fall of eosinophils per unit of time.’’ Use of 


25MG. ACTH; 
Bose Editable 
LOG1o _NO./CUMM 
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Vic. 2. The data of Figure 1, with the eosinophil counts expressed as the 
logarithms to base 10 of the absolute value. 
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“ner cent fall with time’ was chosen by Hills, Forsham and Finch (1) to 
express: their data. 

Curves for the logarithms of the data of Figure 1 are shown in Figure 2. 
It is apparent that the slopes are now not affected by the initial values 
and that the ‘“‘seatter’’ of the slopes, so expressed, is considerably de- 
creased. There is now no apparent difference in slope between the data 
for male and those for female subjects. When the data are expressed in 
logarithmic form there is again no significant difference in the 6b values 
between patients and controls, nor between males and females. Therefore, 
all the data may be considered for statistical purposes to be drawn from a 
uniform population. 

The equation for changes in Log (eosinophil count) with time (¢) in all 
subjects is: 

LO (eosinophil count) = 2.030(+ .025) — .136(+ .017)(¢ — 0) 

which reduces to: 
= 2.302(+ 0.043) — .136(+ .017)¢. 


LOg (eosinophil count) 
Omitting standard deviations, we have 


Eos = 10?:302--186¢, 


Hence, 


Eos ;- i 12 -302—-186 x 1 | 
37 





Eos; =—n—] 102-302 136+ .136 10-136 


—that is, a fall of 27 per cent per hour® 
Substituting the ¢ values for 0 and 4 hours, we have: 


Log (Eos)4 hr. — Log (Eos) 0 hr. = — .544 + .06 


giving 
Kos (4 hr.)/Eos 0 hr. = .29 + .05 
—that is, a fall of 71 per cent in 4 hours. 

This figure is in agreement with the figure of 66 per cent fall of circulating 
eosinophils in four hours calculated (3) from the data of Hills and associ- 
ates (1). 

Fiducial limits for 95 per cent of cases (expressed as per cent fall in 4 
hours) are 62 and 78. This suggests that the minimal normal fall in eosino- 
phils following 25 mg. of ACTH should be set at 60 per cent rather than 
at 50 per cent as is common clinical practice. 


DISCUSSION 


These tests did not reveal a significant difference between normal and 
psychoneurotic subjects. This is in contrast to the data of Pincus et al., 
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(4) in which psychotic subjects appeared to respond less to ACTH than 

did the normal controls. , 

The difference between the mean eosinophil counts (or the initial levels 
of eosinophils) for males and females is of interest. It is not in agreement 
with the observations of Rud (5) on a similar number of subjects. A signifi- 
cant difference between the initial counts of normal and of castrated 
males was found by Gertler and associates (6), the castrates having the 
lower values. This suggests that androgen (rather than estrogen) may be 
the deciding factor, but further experimental evidence is clearly required. 

SUMMARY AND CONCLUSIONS 

1. Twenty-two psychoneurotic subjects (11 males, 11 females) and 18 
normal subjects (9 males, 9 females) were given a single injection of 
ACTH equivalent to 25 mg. of Armour Standard LA 1A. Absolute eosino- 
phil counts were made by the acetone-eosin method before, and hourly, 
for four hours after the injection. 

2. There was no significant difference in the rate of fall of the eosinophil 
count with time between normal and psychoneurotic or between male and 
female subjects. 

3. Consequently, all data may be considered to represent normal curves. 
The best equation for all data gives a fall of eosinophil count of 27 per 
cent per hour, or of 71 per cent over a four-hour period. Ninety-five per 
cent of normal subjects may be expected to show a fall of between 62 and 
78 per cent of the initial level. 
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INCE the original demonstration of the effectiveness of cortisone and 

of ACTH in the suppression of the manifestations of rheumatoid 
arthritis, it has been found that these agents will also exert a most desirable 
clinical effect in such diverse disease conditions as bronchial asthma, 
lupus erythematosus, typhoid fever, ulcerative colitis, and pneumococcus 
pneumonia. It seems probable that the common denominator which 
explains the effectiveness of these hormones in such diverse diseases 
lies in the concept of the interposition of a block between a wide variety 
of toxins and a multitude of body cells. 

With this concept in mind, it was decided to evaluate the effect of 
the administration of ACTH! and cortisone in patients with severe diffuse 
peritonitis. 

Patient SPA: The first patient to be so treated was a boy of 23 years (Fig. 1), who 
entered this hospital with a 5-day history of intermittent fever and cough and an 18- 
hour history of vomiting and abdominal pain. On admission, the patient was extremely 
toxic and had a rigid abdomen with complete absence of peristalsis. Despite the adminis- 
tration of aureomycin and streptomycin over the first twenty-four hours, a major 
degree of toxicity was still present. During the second hospital day, ACTH was ad- 
ministered in a dose of 25 mg. intramuscularly every six hours. By the end of the first 
twenty-four hours of ACTH therapy, the child was nearly free of fever, was completely 
free of complaints, and not only had active peristalsis, but had a spontaneous normal 
stool. 

For a period of three days, ACTH and antibiotics were continued; but during the 
following sixteen hours, ACTH (through an oversight) was omitted. By the end of this 
time the temperature had risen and the patient was again extremely toxic and had a 
rigid, tender abdomen with no peristalsis. Resumption of ACTH for a period of two days 
resulted in complete disappearance of all clinical signs and symptoms. 

Because of fearfulness on the part of the observers as to the danger to the boy of 
masking symptoms, it was decided to discontinue ACTH and to observe him during the 
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rest of the course of his illness. He was accordingly treated under the usual Ochsner 
type of regimen, and on the twentieth hospital day he was operated upon. At this time 
an adherent indurated lower abdominal mass was found in association with abscess 
formation. After a febrile course for approximately a week, the patient showed pro- 
gressive improvement and was discharged thirty-eight days after entry. 


The sequence of events in this patient led us to believe that chemother- 
apy combined with ACTH-cortisone therapy in patients with generalized 
peritonitis might result in complete control of toxicity and hence permit 












































2 PATIENT SPA 
3 OX RUPTURED APPENDIX 
2 = 100 
oa ACTH yy 
= 
a Yj 
3 r 04 ULL hhh N 
w z U a | 
pa ———_— n jom—— CHLOROMYCETIN- 
T 
: 1044 
< 102: | 
100 
§ 98 
. 5 6 
0 
DAYS 
FA SURGERY 
F tn Pt 
a & 
5 c'm'T "fom STREPTOMYCIN Ib gehen tt 
2 = BLOOD TRANSFUSION BLOQD TRANSFUSION 
& 
=) 
> 
a 
« 
4 
2 
ive} 
. a 
la 15 16 17 18 19 =—20 21 22 23 24 25 26 27 
DAYS 





Fic. 1. Hospital course of Patient SPA. 


arly operation and rapid convalescence. Up to the present time, 6 patients 
have been treated in this fashion. Four have had peritonitis referable to 
ruptured appendix; 1 had bile peritonitis as the result of rupture of a dis- 
tended gallbladder; and 1 had very severe pelvic inflammatory disease for 
which she had previously undergone laparotomy on the presumptive 
diagnosis of ruptured ectopic pregnancy. A summary of the clinical course 
in these patients appears in Table 1. In all instances there has been prompt 
and maintained improvement during the administration of ACTH or 
cortisone. 

The following is the program followed in 2 children (Fig. 2), 1 of whom 
received ACTH therapy: 


Patient EYL: 


1. Symptoms began fifty-two hours before entry. 
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TABLE 1. PATIENTS WITH PERITONITIS RECEIVING ANTIBIOTIC THERAPY PLUS ACTH 
Maximum temperature, °F. 
Hospital i eee = 
day SPA CAR EYL SMI 
(rectal) (rectal) (rectal) PHI CAL (rectal) 
1 104.2 103.0 (103 .8)* 99.0 (105.6)* 
2 (105 .4)* (101 .0)* (101.8) 99.6 100.4 (104.8) 
3 (103.8) (101.0) (100.0) 103.8 99.2 (101.4) 
4 (101.8) (100.0) | (100.2) 103.6 100.0 ( 99.6) 
5 (100.8) ( 99.4) ( 99.2) (102 .0)* 98.6 ( 99.2) 
6 (101.6) ( 99.8) | ( 99.6) (100.0) ( 99.2)* (100.0) 
7 ( 99.6) | ( 99.2) | ( 99.4) (101.0) ( 98.6) ( 99.8) 
8 101.2 | ( 99.2) | ( 99.2) ( 99.2) ( 99.6) 100.0 
9 102.4 | 100.0 | (100.0) 99.2 ( 98.0) 100.0 
10 102.8 | 99.2 99.8 | 100.6 ( 98.4) 100.0 
11 103.6 | 99.4 | 100.4 | 100.4 ( 98.2) 100.2 
12 103.0 99.2 101.0 ( 97.8) 99.4 
13 103.0 100.2 (97.4) | 99.4 
14 104.0 | 100.0 (97.6) | 98.6 
15 106.0 | 100.0 ( 97.4) 99.6 
16 105.0 99.6 | 97.8 | 99.8 
7 102.0 | | 100.0 97.0 | 
18 104.2 | 100.4 102.0 
19 104.0 | 100.2 98.6 
20 104.8 | | 101.4 98.0 
21 103.8 | | 100.4 
22 103.4 | | 99.0 
23 103 .6 | 98.6 
24 103.2 | | 98.4 
25 101.0 | 98.4 
26 101.0 | | 
27 99.8 | 
28 100.0 | 
29 99.6 
30 99.4 | 
31 99.8 | 
32 99.0 | 
33 99.4 | 
34 99.4 | 
35 99.2 | | 
36 99.2 | 
37 99.4 | 
38 99.6 
39 99.0 | 
Age 2} 5 7 31 77 8 
Day of operation 21 1 2 1 1 1 
Day antibiotics started 1 1 2 | 1 1 1 
Antibiotics Aureo., Pen., | Aureo. | Aureo. Aureo., Pen., | Strepto., Terra. 
Strepto., | Sulfa., Pen., 
Chloro. Strepto. Aureo. 
Day antibiotics stopped 34 10 13 16 9 12 
ACTH begun on hospi- 
tal day 2 2 1 5 | 6 | 1 
ACTH stopped on hos- | | 
pital day 7 8 9 | 8 | 15 7 
Day of Wangensteen | | | 
D.C. | 4 5 8 9 | 4 
Complications (Sodium & | 
fluid retention; 
hypoprotein- 
emia, perni- 
cious anemia) 
* Figures in parentheses are values during periods of ACTH-cortisone treatment 
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2. The administration of ACTH and antibiotics was started shortly 
after admission. 

3. The patient was operated upon approximately forty-eight hours 
after the above regimen was begun, by which time he was afebrile, had 
active peristalsis, and minimal abdominal rigidity. At operation, the ab- 
dominal cavity was found to be filled with purulent fluid, despite which 
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Fic. 2. Hospital course of Patients SOT and EYL. 


the visceral and parietal peritoneum showed essentially no inflammatory 
reaction. 

4. The wound was closed by first intention without drainage, following 
removal of purulent material and complete removal of the appendix. 

5. An uneventful recovery occurred, including perfect wound healing. 

6. The child was discharged from the hospital on the tenth day following 
operation. 


Patient SOT: 


1. Symptoms began twenty-eight hours before entry. 
2. Chemotherapy was used throughout hospital stay. 
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Hespital 
day 


Age 

Hours of symptoms be- 
fore operation 

Day of operation 

Day antibiotic started 

Antibioties 


Day antibiotics stopped 
Complications 


Day discharged 
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BOLING ET AL. 


TABLE 2. PATIENTS WITH PERITONITIS FROM RUPTURED APPENDIX, 


Maximum temperature, °F. 


CLY PAT PON — GRE ABA YEE —_ sve 
r ‘i (rectal) _— — a (rectal) (rectal) 
100.8 100.8 101.4 101.0 100.8 101.6 101.4 102.4 
100.2 101.2 102.0 101.0 100.2 102.0 99.0 101.6 101.2 
99.6 100.6 100.0 100.0 100.2 101.2 99.4 100.0 
102.0 99.6 98.6 100.2 100.0 102.0 99.8 100.0 
99.2 100.0 97.8 100.4 100.0 101.0 99.2 100.0 
102.0 98.6 98.0 99.6 98.6 101.0 99.4 9°..6 
100.0 | 98.4 98.0 99.6 99.0 100.2 99.4 99.8 
103.4 98.0 97.6 99.8 98.6 100.2 98.0 100.0 
100.0 98.0 98.0 100.2 
100.6 98.6 100.0 
99.8 101.2 
99.4 99.8 
99.8 | 99.4 
100.0 | | 100.0 
100.0 99.2 
99.2 99.4 
99.2 99.4 
100.0 99.6 
98.8 | 99.0 
99.2 99.0 
99.2 
98.6 
98.4 
75 32 39 44 61 12 52 3 10 
50 | 60 72 18 41 56 72 ? 9 days 38 
? 2 days 
1 1 1 l 1 1 1 1 1 
1 1 l 1 1 l 1 1 0 
Aureo. Pen., Aureo. Terra., Pen. Pen., Aureo Pen., 0 
Strepto. Aureo. Strepto., Pen | Strepto., 
Aureo. Aureo. 
13 8 5 8 8 15 8 0 
Pneu- Wound 
monia; abscess 
atelec- 
tasis 
24 8 10 8 10 21 8 Expired | 8 


* Patient still in hospital at time of writing. 


3. No ACTH or cortisone was given 
4. Widespread peritonitis was found 


at any time. 
at the time of operation. 


5. The peritoneum was sutured, a Penrose drain inserted, and the 
fascia sutured. The wound was closed by secondary closure several days 


later. 


6. The child was discharged from the hospital on the thirteenth day 
following surgery. 
The patient with bile peritonitis was a male, aged 72 years, whose general 
physical condition was such that his prognosis was poor in terms of any 
operative procedure. During combined ACTH and cortisone therapy, he 
had an essentially uneventful convalescence, despite the presence of large 
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TREATED BY ANTIBIOTIC THERAPY; NO ACTH or CoRTISONE 
Maximum Temperature, °F. 


KRA SAN SOT PEA STO MAT 


ACO GEB RASS (rectal) (rectal) (rectal) (rectal) (rectal) (reetal) ESQ Average 
99.8 | 102.0 99.6 102.2 100.6 100.0 102.0 98.8 100.4 
100.6 100.6 99.2 100.6 | 101.4 101.2 99.8 103.4 100.0 102.4 100.4 
100.4 99.6 100.0 102.0 101.4 | 100.8 100.2 102.0 100.0 100.8>R 99.9 
100.0 99.4 98.6 100.4 100.6 | 99.8 100.4 102.0 100.0 100.2 99.7 
100.6 99.4 98.6 101.6 101.2 100.2 100.6 101.8 98.8 101.2 99.6 
100.2 99.2 98.0 100.4 100.4 101.6 99.6 100.2 99.8 101.4 99.4 
100.2 99.0 97.8 100.4 99.0 102.0 99.6 99.8 99.6 100.4 99.1 
100.2 99.2 99.0 100.0 99.0 100.2 | 99.0 100.4 99.2 100.6 ray 99.1 
100.0 98.0 | 98.6 100.6 99.8 100.0 100.4 100.0 99.4 100.6 99.0 
98.8 98.6 98.0 101.0 99.6 99.4 99.8 100.4 100.4 99.1 
98.2 99.0 100.0 99.8 99.6 99.8 99.6) * 99.1 
99.0 100.6 | 100.2 99.8 99.6 99.4 99.1 
98.2 100.4 | 100.0 99.2 100.4 99.4 98.9 
99.0 99.2 100.8 99.2 
99.8 100.2 99.3 
99.8 99.0 
99.8 99.1 
99.8 
98.9 
99.1 
99.2 
98.6 
98.4 
73 | 14 58 71 9 7 6 7 6 25 
0. | 36 48-72 48 5 days 29 45, 20 5 days 36? 
1 l 1 1 1 1 1 1 1 2 
1 1 1 2 1 1 1 1 1 1 
Pen., | Aureo., Pen., Sulfa., Pen., Aureo., Terra. Terra. Terra. Terra. 
Strepto. | Strepto., | Strepto. Pen., Aureo., | Pen., | 
Pen. Strepto. Sulfa., Strepto. | 
Strepto. 
10 10 8 7,13 13 14 10 10 8 
Wound Pneu- In- 
infect.; monia? cisional 
postop. abscess 
shock 


11 13 10 13 15 14 13 17 10 12.5 


amounts of bile throughout the entire peritoneal cavity at the time of 
operation. 

The use of antibiotics alone, especially aureomycin and terramycin, 
has greatly improved the management of peritonitis. In Table 2 are shown 
the data on the hospital courses of the last 19 patients with generalized 
peritonitis resulting from appendiceal perforation who have been followed 
in this hospital prior to the concomitant administration of hormonal and 
antibiotic therapy. It will be observed that the average period of elevated 
temperature in these patients was 6.6 days, that the average duration of 
chemotherapy was ten days, and that the average stay in the hospital was 
twelve days. 

Because of the small number of patients who have so far received com- 
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bined therapy, any attempt at statistical evaluation is obviously impos- 
sible. The only function of this report is to point out that the use of such 
therapy in patients so far treated has resulted in immediate reduction or 
disappearance of all systemic toxicity. 
SUMMARY 

Our observations suggest that the use of ACTH or cortisone, in con- 
junction with chemotherapy, will be of significant value in the preoperative 
and postoperative management of patients with generalized peritonitis. 
It is to be emphasized that ACTH and cortisone can completely mask 
advanced and advancing pathologic conditions; and further, that these 
agents exert no inhibitory effect upon the growth of pathogenic organisms. 
These two facts should be kept prominently in mind if the hormones are 
to be used in the manner outlined. 
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HE role of iodine deficiency in endemic goiter was established by 

the pioneer studies of Marine (1) and Chatin (2). Spectacular results 
have been achieved in the prophylaxis of this type of goiter by the use of 
iodized salt, and in many of the former endemic areas of the world the 
disease has now vanished; but this public health measure was begun before 
the introduction of modern tools of thyroid research. No reports are 
available in which radioisotope techniques were used in the study of the 
iodine-deficient thyroid gland in man, and the same is true of modern 
accurate chemical methods of iodine determination. It seemed reasonable 
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that these techniques applied to a study of the deficient human thyroid 
would yield information of value, because such a gland, working in pre- 
carious equilibrium with the iodine supply, might allow measurements 
which would permit more precise definition of thyroid dynamics than does 
the semidormant gland abundantly supplied with iodide. With this objec- 
tive, the iodine-deficient human thyroid gland was studied. 

The locale of this study was a few kilometers east of the Andes in Men- 
doza, Argentina, an area long recognized for intense goiter endemicity. 
The landscape is a desert, irrigated since pre-Columbian times by channel- 
ing of water from rivers fed by glacial snows of the mountains near the 
city. The patients were selected from those attending the Goiter Institute 
of the Central Hospital, where the laboratory was established. All were 
seen because of enlargement of the thyroid gland, except for a very few 
who attended because of thyrotoxicosis or for other reasons. Because of the 
local publicity given the project, attendance at the Institute was over- 
whelming. Observations on a total of 122 patients were made during a 
seven-week period in June, July and August of 1951. Most of these sub- 
jects were below the age of 35 and had diffusely enlarged thyroid glands; 
a few had multinodular glands. Occasional patients below the age of 15 
with huge multinodular glands were encountered. Single nodules were 
rare, although in some patients one nodule would be considerably larger 
than the rest. Gland weights were estimated to vary from 40 to 250 grams 
and occasionally more. In general, older patients with predominantly 
nodular thyroids were not included in the study. 

The data presented in this preliminary report are tentative and incom- 
plete, but are representative of the results obtained. A complete report, 
including full statistical treatment of all data, awaits chemical analyses of 
many samples of serum and urine, and integration of the results with infor- 
mation already at hand. 

METHODS 


The accumulation of I'*' in the thyroid was measured by means of a 
lead-shielded, bismuth-cathode Geiger-Miiller tube! as shown in Figure 1. 
The patient was seated so that the front surface of the neck at the level 
of the thyroid gland was located 40 cm. from the center of the tube. The 
sensitivity of the counter was such that statistically reliable counts could 
readily be obtained with 20 to 50 microcuries of I'*'. The patients were 
held at the correct distance from the tube by the counter shield, although 
the final adjustment of position was done by direct measurement. A stand- 
ard containing the same amount of I! in a 100-ce. volumetric flask was 
measured in a standard position at a distance of 37 em. from the center 


! Obtained from the Radiation Counter Laboratory, Chicago, Illinois. 
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of the tube. Errors were introduced by the statistical errors of counting, 
positioning of patients, the scattering of radiation by the tissues of the 
neck, and the presence of radioiodide in the vicinity of the thyroid. The 
standard deviation of counting was estimated to be +1-2 per cent, and 
the errors introduced by variations in the position of. the patient were 
approximately +4 per cent (+0.8 em.). The effect of scattering and 
absorption of the radiation was determined by a modification of the method 
of Myant, Honour, and Pochin (3). Two glass ampules containing a known 








Fig. 1. Method of counting. The anterior surface of the neck was 40 em. from the 
center of the tube in the lead shield on the right. The area between the patient and the 
tube was shielded by two lead plates. 


amount of I'*! were sewed into the thyroid of a cadaver. When readings 
obtained with the cadaver in the usual position were compared with read- 
ings of the standard, a correction factor of 0.85 was obtained. Other 
measurements confirmed this factor, and experiments with phantoms 
indicated that it is relatively independent of neck geometry. All measure- 
ments of I! accumulation in the thyroid have been corrected by this fac- 
tor. It is interesting that the effect of the neck tissues under the conditions 
of these measurements was to increase the counting rate from a virtual 
point source of I! by 51 per cent. The effect of extrathyroidal ['*' was 
determined by measurements on a patient in whom myxedema had de- 
veloped following surgery. Although at the end of forty-eight hours there 
was practically no radioactivity in the neck region, a maximum accumula- 
tion of 8 per cent occurred there at the peak of the plasma radioiodide 
concentration (within a few minutes of administration). Therefore, for 
most measurements the effect of extrathyroidal radioiodide was negligible. 
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The over-all standard deviation of the measurements of radioiodine ac- 
cumulation is estimated to be less than +6 per cent. 

Urinary excretion of I®! was measured by placing aliquots of the urine 
in a glass vessel surrounding a bismuth-cathode Geiger-Miiller tube. The 
readings were compared with observations on an aliquot of the standard 
solution. The standard error of this measurement was estimated to be 
approximately +3 per cent. 

The I! was supplied from Oak Ridge, Tennessee, by the United States 
Atomic Energy Commission. The standardization was accepted as given, 
since comparison with a radium needle available in Mendoza gave values 
very close to those supplied with shipments. A very small amount of car- 
rier iodide (0.01 microgram) was given with each tracer. 

Measurements of stable iodine in the urine and plasma were carried 
out by a modification of the method of Barker (4). 


RESULTS 
The 48-hour accumulation of I! in the thyroid gland 


Many, but not all, of the 118 euthyroid patients who were the subjects 
of this investigation showed a high uptake of I®!. In Figure 2 is shown the 
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Fig. 2. The distribution of 48-hour uptakes of I'*' in 118 clinically euthyroid patients. 
The dashed line is the distribution of uptakes of patients from an area of iodine abun- 
dance (Skanse (5)). 


distribution of patients according to their 48-hour accumulation of the 
isotope. Shown also by the dashed curve is the distribution of normal sub- 
jects from the Boston area, studied by Skanse (5). A comparison of the 
two frequency distributions demonstrates that the “normal” range of I'*! 
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uptake in an area of iodide deficiency may be wide. This distribution of 
patients is not presented as a statistically valid cross section of the popu- 
lation of Mendoza, but is probably a fair representation of the situation 
among younger persons of the area who have thyroid enlargement. Un- 
doubtedly there are many factors which contribute to the breadth of this 
curve. Most prominent probably are dietary habits, the widespread use 
of iodide-containing medicines, and the common use of iodide itself for 
patients with goiter. It is clear that the I'*! tolerance test may have no 
value in the diagnosis of hyperthyroidism in an area of iodide deficiency. 


Relation of dietary iodide to I uptake 


In the euthyroid patient at equilibrium with his environment there 
must exist a relation between the daily iodide ingestion and the percentage 
of this intake which is accumulated by the thyroid. In these patients the 
dietary iodide was assessed by measurements of the 24-hour excretions of 
iodide in the urine. The assumption was made that the patients were in 
iodide balance with their environments and that total iodide excretion 
was therefore equal to iodide intake. Although minute amounts of iodide 
may be excreted by extra-urinary pathways, the renal route certainly 
accounts for most of the loss. Evidence for this will be presented shortly. 
If the individual is in iodide balance, urinary excretion must be very nearly 
equal to dietary intake and, therefore, be a reliable index of daily iodide 
consumption. Many of the patients of this investigation excreted less than 
10 micrograms of iodide daily, whereas 3 of the authors were excreting 
126, 145, and 293 micrograms daily respectively, while residing in Massa- 
chusetts. (The value of 293 micrograms was obtained during ingestion of 
iodized salt.) The minimum daily requirement for iodide has been given 
as 40 micrograms daily by Eggenberger (6) and as 15 micrograms by Orr 
and Leitch (7). These figures are meaningless, however, when it is realized 
that the daily requirement is a function of the capacity of the gland to 
extract iodine from the blood. A person with a 40-gram thyroid can main- 
tain equilibrium with half the iodide intake of a person with a 20-gram 
gland, the degree of cellular activity and the blood flow in each being the 
same per gram of tissue. The distribution of daily iodine excretion among 
the 83 patients on whom data are now complete is shown in Figure 3. 

The relation between daily excretion of stable iodide and the 48-hour 
accumulation of I! is also shown in Figure 3. The correlation appears to 
be good for the majority of the patients. An occasional patient had a low 
uptake of I! and a low excretion of I'°*. This would be expected if the 
patient had taken iodide medication in the recent past but had discon- 
tinued it, for this iodide would not appear in the daily excretion of stable 
iodide; however, it would significantly alter the I'*' uptake by loading the 
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gland with stored hormone and temporarily reducing iodide avidity. On 
the other hand, certain patients had high uptake values coupled with 
relatively high excretion rates of I'*7. This is more difficult to account for, 
but is possibly related to the observations described later wherein large 
amounts of supplemental oral iodide were necessary before the initially 
high I! uptake began to fall. 

The correlation of I'*! uptake and I'*’ excretion illustrates the meaning- 


48HR 1” UPTAKE 








4 Bt 120 160 200 240 280 320 360 400 440 480 520 560 600 
microcrams I2?/24HR 


Fic. 3. The relationship of I"? excretion to I'*' uptake. Ordinate: 48-hour I"! uptake. 
Abscissa: micrograms of I? excreted in twenty-four hours. 


lessness of a ‘‘normal I'*! uptake’”’ except in terms of average iodide intake. 
A moment’s reflection will show this to be reasonable since, at equilibrium, 
hormone production must be equivalent to the amount of iodide entering 
the gland, and a change in the average intake of iodide must eventually be 
followed by an opposite change in thyroid uptake, else the production 
rate of hormone would change. 

A theoretical consideration of thyroid function at equilibrium in the 
euthyroid state leads to the relationship: 


E= u(-. si ') 
( 
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or 


1 
log E = log (; — ) + log H 


where FE is the quantity of I?’ excreted daily in the urine, U is the fraction 
of a dose of I'*! taken by up the thyroid gland, and H is the quantity of 
hormonal iodine secreted daily by the thyroid gland. If F is plotted against 
|((1/U)—1] on a double logarithmic scale, the points should fall upon a 
straight line with a slope of 1 and H should be equal to E when [(1/U) —1] 
equals 1. In Figure 4 the available data have been so plotted. The values 
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Vig. 4. The relationship of I'*’ excretion to I'*! uptake. U: the fractional uptake 
of I'8!, For explanation see text. 


for iodide excretion are subject to correction by a factor to compensate 
for the slightly incomplete recovery of iodide which occurs when large 
aliquots of urine are used, and to other corrections. Therefore, the straight 
line drawn in Figure 4 can be considered only as an approximation. Never- 
theless it is evident that the points can be described reasonably well by a 
straight line with the slope predicted by theory. A preliminary value of 
approximately 45 micrograms per day for the normal secretion of hor- 
monal iodine has been estimated from these points. It is probable that the 
correction for incomplete recovery will tend to increase this value slightly. 
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Accumulation and retention of I*! 

The characteristic feature of the iodide-deficient thyroid gland is its 
avidity for iodide. This is illustrated in Figure 5. The patient, clinically 
euthyroid, was a 31-year-old woman with a thyroid estimated to be three 
times normal size. A tracer dose of I'*! was given by mouth, and the amount 
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Fig. 5. Uptake and disappearance of I'*! in a 34-year-old female patient. Abscissa: 
time. Ordinate: percentage of administered dose retained in the thyroid. U: uptake. 
T,: biologic half-period. Ki: thyroidal accumulation rate of I'*!. K.: renal disposal rate 
of [!*!, 
of radioiodine in the gland was measured at frequent intervals over a period 
of six hours, and daily thereafter for twenty-one days. There was rapid 
accumulation of radioiodide in the gland, and a very slow apparent release 
of labelled iodine. In such patients, as a result of the rapid accumula- 
tion, the peak value is reached in a much shorter time than in patients 
from areas of iodine abundance in whom the peak is usually not reached 
for twenty-four hours or even longer. In these iodine-deficient patients, 
it was reached in twelve hours or less. The pattern is similar to that of 
certain goitrous cretins observed by one of us (8) and to that of patients 
with thyrotoxicosis. It was soon discovered that the iodine-deficient 
patient could be selected within a few minutes after administration of 
I! by observing the rate of increase of radioactivity over the gland. 
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The total disposal rate of radioiodide from the extrathyroidal space, 
K,+K2, may be found from the data of the first portion of the accumula- 
tion curve. K, is the thyroidal accumulation rate and K, is the renal dis- 
posal rate and both are expressed in per cent per hour. If the fraction of the 
dose in the gland is subtracted from the fractional uptake, U, the re- 
sulting points are observed to fall on an exponential curve, @.e., a straight 
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Fig. 6. Uptake and retention of I'*' in a male patient. Abscissa: time. Ordinate 
percentage of administered dose present in gland. Ty: biologic half-period. Ky: thyroidal 


accumulation rate of I, Ks: renal disposal rate of I. TSH: thyrotropin. MMIA: 
1-methyl-2-mercaptoimidazole. 


line on semilogarithmic paper. From the slope of this line, total disposal 
rate of radioiodide from the extrathyroidal space may be calculated. This 
procedure has been applied to the data of Figures 5 and 6 and total dis- 
posal rates of 24.0 per cent per hour and 44.4 per cent per hour were found. 


It has been shown (9) that the uptake is related to the disposal rates, by 
the following formula: 
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where U is the fractional uptake of radioiodide, K, is the thyroidal ac- 
cumulation rate, and K, is the renal disposal rate. The fractional uptakes 
in Figures 5 and 6 are observed to be 0.71 and 0.85. From these data the 
thyroidal accumulation rates can be calculated to be 17.3 and 37.7 per 
cent per hour and the corresponding renal disposal rates, 6.7 per cent and 
6.7 per cent per hour in these 2 cases. It is interesting that the renal 
disposal rates are in the normal range. This confirms direct observations 
on renal clearance rates of iodide. 

The iodide-deficient gland not only accumulates iodide rapidly, but it 
appears to hold it tenaciously. This is reflected in the slow disappearance 
of a labeling dose of I! from the gland. This disappearance rate is best 
expressed as the biologic half-period, which is defined as the time required 
for the labelled iodine in the gland to decrease by one half. This is illus- 
trated in Figure 5. The second portion of the curve represents the dis- 
appearance of the labelled iodine, and has a biologic half-period of 114 
days. Many patients had disappearance rates which were considerably 
slower. It is not to be inferred that the isotope was not being released 
from the gland rapidly as hormonally bound iodide, because evidence to 
be presented suggests that release was proceeding at an unusually rapid 
rate. Rather, iodide liberated at the periphery from the breakdown of 
hormone was rapidly re-accumulated by the gland, and the net observed 
change over the gland was small. 

An incidental inference to be drawn from these very slow disappearance 
rates with rapid turnover is that in these patients the extra-urinary excre- 
tion of iodide was minimal. If iodide or iodinated compounds were signifi- 
cantly disposed of via the gastrointestinal tract, lungs, or skin, this iodine 
would have been unavailable for reutilization, and the observed biologic 
half-period would have been shortened. Since there is no reason to suppose 
that in our patients there was any alteration in peripheral iodine metabo- 
lism, the inescapable conclusion is that practically all of an administered 
dose of I'*' was accounted for by thyroid accumulation and urinary excre- 
tion. Any extra-urinary loss must have been negligible. 

The renal clearance of I'*! proved to be normal. Three iodide-deficient 
subjects with large thyroids and high I"! uptakes had values of 46.4, 40.1 
and 27.8 cubic centimeters of serum cleared of iodide per minute. These 
rates are within the normal range. There appears to be no adaptative 
renal mechanism for iodide conservation in response to iodide deficiency. 


Response to an antithyroid drug 
It has already been pointed out that the turnover rate of iodine by the 
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deficient gland must be fast in order to keep up with peripheral demand. 
However, if reutilization of iodide by the gland should be impaired, then 
the observed disappearance rate of the I! from the gland should increase; 
and if the block is complete and the specific activity of hormonal iodine 
in the gland is known, the change in slope of the disappearance curve 
should provide a measure of the stored hormone in the gland and the rate 
at which it is being released. This block of reutilization can be realized 
with one of the potent antithyroid agents, providing the blocking agent 
has no other effect on the gland. 

The drug chosen for this series of observations was 1-methyl-2-mercapto- 
imidazole.” Six hospitalized subjects with initially high uptakes of I'*! 
were selected. Daily measurements were made over the glands, and 24- 
hour urine collections were analyzed for I? and I*! content. It has been 
well shown, and was also the case in control subjects of this study (Fig. 5), 
that a semi-logarithmic plot of the decay curve in the thyroid follows a 
straight line. After a control period of seven days following administration 
of a tracer dose of I'*!, each patient received 30 milligrams of the thyroid- 
blocking agent every eight hours. In each, when the drug was started or 
very shortly thereafter, there was an abrupt change in the slope of the 
decay curve and a decrease in the biologic half-period. This is illustrated in 
Figure 6. The biologic half-period during the control period was 57.8 
days. This became 5.4 days when the blocking agent was started. Con- 
comitantly there was an increase in the urinary excretion rate of I'*! from 
0.26 per cent of the administered dose per day to 7.2 per cent per day. 
After effective thyroid block, the increase in the daily excretion of I?’ 
from a 5-day average of 12 micrograms, was 219 micrograms. The 28-fold 
increase in the excretion of I'*! is in contrast to the 9-fold increase which 
would have been expected from the 88.5 per cent initial uptake, had the 
block of reutilization been complete and the drug exerting no other 
action. Likewise the increase of 219 micrograms per day of I? was con- 
siderably higher than the daily secretion of hormonal iodine calculated 
previously. The reasons for these discrepancies are not yet apparent, but 
may become so when data on other patients of this group are available. If 
one assumes that the 219 micrograms per day was correct, that the specific 
activity of the iodine in the urine was the same as that being secreted by 
the blocked gland, and the clinical estimate of 120 grams as the weight of 
the thyroid was correct, one can calculate the hormonal iodine of the gland 
to be 2.53 milligrams per hundred grams of wet tissue. Gutman, Benedict, 
Baxter and Palmer (10) found an average of 35.4 milligrams per cent for 
glands from patients in an area of iodide abundance. 





* Generously furnished by Eli Lilly and Company, Indianapolis, and E. Gador y 
Cia, Buenos Aires. 
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The block by the antithyroid drug was shown in every case to be com- 
plete or very nearly complete by a second tracer dose of I'*! given at the 
conclusion of the experiment, while the patient was still receiving the blocl - 
ing drug. In the example of Figure 6 the initial uptake was 89 per cent, 
with an excretion of 12.2 per cent in the first forty-eight hours; and the 
uptake two days after discontinuing thyrotropin was 9.5 per cent, with 
an excretion of 90.6 per cent. The residual activity in the gland after ore] 
administration of 2 cubic centimeters of a 40 per cent solution of potassium 
iodide at the conclusion of the second tracer study was 9.0 per cent. This 
procedure was followed in all cases, in order to ascertain the proportion 
of the iodide in the gland at that time which was hormonally bound. In 
all cases this was a small or negligible amount. 


The influence of thyrotropin 

The effect of thyrotropin was observed on the 6 patients of the studies 
described in the preceding paragraphs. The physiologic process presumed to 
account for the enlargement of the thyroid glands of iodide-deficient 
subjects, is an increase of secretion of thyrotropin by the anterior pituitary 
gland in response to a falling content of thyroid hormone in the serum. 
This balance must be a beautifully adjusted one operating well below the 
level of clinical detection, because none of the 118 patients of this investi- 
gation presented any convincing clinical evidence of reduced thyroid 
function. Indeed, analysis of specimens of serum from 65 patients for 
hormonal iodine has shown only four below the level of normal for this 
laboratory. 

Thyrotropin’ was given intramuscularly in divided doses of 15 milligrams 
ach every twelve hours for from five to seven days. The 1-methyl-2- 
mercaptoimidazole schedule was maintained throughout. This is illustrated 
in Figure 6. Administration of thyrotropin was accompanied by a change 
in biologie half-period from 5.4 days to 2.5 days. This abrupt change was 
observed in 5 of the 6 patients. It appears, therefore, that thyrotropin had 
a stimulating effect on the secretory function of their thyroid glands. In 
several instances, as in Figure 6, there appeared to be a diminution in the 
stimulating effect after a few days. This decrease was not observed in 
patients with Graves’ disease (12); it possibly represents a reaction of im- 
munity to the tropic hormone, or more probably a portion of labeled thy- 


’ The thyrotropin was furnished by Armour and Co. of Chicago, Illinois. Each vial 
contained 30 mg. of Lot K-39405R purified thyrotropic hormone (3 Evans units per mg.). 
There was less than 1 unit of posterior pituitary present, and other hormones were 


absent. 
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roid hormone which is mobilized with difficulty from a gland nearly ex- 
hausted of its hormone store. 

Our observations do not suggest that the thyroid glands of the foregoing 
patients were either supersensitive or subsensitive to thyrotropin. They 
only demonstrate that there was not maximal stimulation from endoge- 
nous thyrotropin. The changes in slope which occurred with the adminis- 
tration of thyrotropin were roughly comparable to those of Goldsmith 
et al. (11), who performed almost identical experiments on patients with 
Graves’ disease. Unfortunately, no such data are currently available on 
the normal subject from an area of abundant iodide supply. 

An unexpected occurrence in the course of treatment with thyrotropin 
was the sudden appearance of pain, tenderness, and swelling of the thy- 
roids. This happened in all 6 patients; and in 1 of them the reaction, 
accompanied by fever and vomiting, was so severe that administration 
of the hormone had to be discontinued. In the most striking instances 
the size nearly doubled, but in others the increase was hardly appreciable. 
The skin over the glands was distinctly warm and the glands themselves 
were tender to palpation. No similar findings were seen in the patients 
with Graves’ disease. The cause of this phenomenon was not apparent. 
If it was an allergic reaction it occurred with remarkable suddenness, for 
most of the patients had symptoms within twenty-four hours; and, more- 
over, the reaction was largely confined to the thyroid. It seems more rea- 
sonable to suppose that the findings represented an acute reaction of in- 
creased hypertrophy and vascularity. The signs and symptoms of the pa- 
tient with the severe reaction subsided within twenty-four hours following 
discontinuance of the injections and the gland reached its previous size 
within about three days. In the other patients the tenderness subsided 
after two or three days, in spite of continued injections of thyrotropin. 


Effect of supplemental dietary iodide 


In 1910 Kocher (12) summarized the existing information on the appear- 
ance of thyrotoxicosis in certain patients with nodular goiter who were 
given iodide. A similar phenomenon was described from areas of iodide 
deficiency in the United States, when iodized salt was introduced as a 
prophylactic measure (13). The term ‘‘jod-Basedow”’ is used to describe 
this phenomenon, and the authority of the reports probably delayed the 
introduction of iodide for the therapy of Graves’ disease. The validity 
of the jod-Basedow phenomenon has been controversial for years. 

Daily supplemental rations of iodide were given to four small groups of 
patients who initially had high thyroid uptakes of I'*!. Each patient was 
given a tracer dose of I'*! at intervals of one to two weeks. The daily dose 
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levels for each group were 150, 500, 1,500, and 150,000 micrograms, re- 
spectively. The first of these dose levels is probably equal to, or slightly 
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Fic. 7. Effect of daily supplemental 2? on I uptake. Ordinate: 48-hour accumula- 
tion of I'*! in the thyroid. Abscissa: time in days. In the group receiving 150 milligrams 
of iodide daily, the patient represented by the open circles received the iodide from the 
eighth through the fourteenth day. The other received no iodide on the day prior to 
administration of I! 


higher, than the average daily amount ingested along the eastern seaboard 
of the United States. 
The surprising result was the persistently high I! accumulations of 


— 


these patients, as shown in Figure 7. Each patient is represented by a 
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line showing his change in uptake, as the daily supplement was continued. 
Four of the 5 patients who had received 150 mg. of iodide daily for four 
weeks had no appreciable fall in their capacity for collecting iodide, 
whereas in 1 patient the capacity gradually fell to the range which would 
be considered normal along the coast of the United States. How long these 
high levels of uptake will continue is still under investigation. 

Such persistently elevated accumulation rates can only be interpreted 
to mean that the gland is storing bound iodine or is secreting bound iodine 
at a more rapid rate, or both. None of the patients developed symptoms 
suggestive of thyrotoxicosis, and in none was there a noteworthy change 
in the size of the gland. We favor the view at present that the findings 


represent storage of iodine. Confirmation awaits completion of histologic 
and chemical analyses. 


Effect of desiccated thyroid 


The thyroid hormone inhibits the production of thyrotropin and there 
is a strong evidence (14) that it also has a direct inhibitory effect on the 
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Fig. 8. Effect of daily administration of desiccated thyroid on I'*! uptake. Ordinate: 
48-hour accumulation of I'*' in the gland. Abscissa: time in days. 
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thyroid itself, although the relative importance of the latter effect is in 
doubt. In order to assess the pituitary-thyroid system in our patients a 
group with high I*! uptakes were given desiccated thyroid daily (Fig. 8). 
During the first two-week period 3 patients received 30 mg. daily and 3 
received 60 mg. daily. Through an unfortunate circumstance, during part 
of this period it was necessary to employ an enteric-coated preparation 
which contained 0.3 per cent iodine, whereas the tablets used for the 
remainder of the experiment contained 0.2 per cent iodine. After two 
weeks all patients were given 0.1 Gm. of desiccated thyroid daily and after 
two more weeks the dosage was increased to 0.2 Gm. daily. At each change 
in dosage, a tracer of I'*! was given. The data of this experiment are incom- 
plete at present. In Figure 8 is illustrated the information now available. 
Although there was variability in sensitivity to the exogenous thyroid, 
in some patients there was a decrease in iodide avidity after two weeks’ 
administration of only 30 mg. or 60 mg. daily of exogenous thyroid; but 
in most, this was not definite until the dosage was increased to 0.1 Gm. 
daily. The metabolic iodide theoretically available from these amounts 
of thyroid could not have had such an effect, judging from the results 
of the experiments with supplementary dietary iodide. 

The quick response to thyroid therapy indicates that these glands are 
normally sensitive to administered thyroid (cf. Greer (15)) and have not 
become independent of pituitary control, unless the direct influence of 
the thyroid hormone on the thyroid gland itself is of considerably more 
importance than has been hitherto assumed. It is not clear from our data 
just how long it takes to reach an equilibrium state on a given dose schedule 
of desiccated thyroid. We reasoned that two weeks would be ample, but 
unfortunately our data were so derived that it is impossible to be certain 
whether a further decline in uptake might have followed continuation of 
the same schedule. Steps are being taken now to answer this question. 


SUMMARY 


The iodine-deficient thyroid gland is characterized by its avidity for 
iodide. In a series of 118 clinically euthyroid patients in Mendoza, Argen- 
tina, an area of iodine deficiency, a wide variation in I! uptake was found, 
but many values were over 60 per cent of the administered dose within 
forty-eight hours. A relationship was observed between the daily excre- 
tion of I??? and I'*! accumulation. 

The rate of accumulation of I! in the thyroid glands of iodine-deficient 
patients was rapid and the apparent rate of release was slow. When an 
effective thyroid-blocking drug was given, however, the slope of the 
retention curve of labeled iodine became much greater, indicating a rapid 
rate of turnover for the I'*!. There was a further increase in rate of iodine 
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release when thyrotropin was given. This change indicated that these 
thyroid glands were not under maximal stimulation from endogenous 
thyrotropin. 


Daily dietary supplements of I?’ were remarkably ineffective in reducing 


the I" accumulation, but exogenous thyroid depressed the uptake in most 
of the patients to whom it was given. 


1 
2. 
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HE ingestion of thyroid hormone depresses the activity of the 

thyroid gland. Farquharson and Squires (1) reported that, upon 
cessation of ingestion of thyroid substance by normal individuals, the 
basal metabolic rate (BMR) fell to below pretreatment control levels. In 
a myxedematous patient, the BMR fell to pretreatment levels and not 
below. Riggs et al. (2) and Winkler et al. (3) illustrated the same phenome- 
non by demonstrating a fall of serum protein-bound iodine (PBI) to below 
normal levels in euthyroid subjects after discontinuance of thyroid medica- 
tion. Recently, Greer (4) found that the uptake of radioactive iodine (I'*! 
uptake) by the thyroid gland of normal persons was markedly inhibited 
by the ingestion of desiccated thyroid; it returned to normal within four 
weeks after cessation of the thyroid ingestion. He noted that the daily 
ingestion of 60-180 mg. of thyroid depressed the I'*! uptake in over 90 
per cent of his subjects. Last year, a patient with a functioning struma 
ovarii was studied in this laboratory (5). Serial studies of her serum PBI 
levels and of the I'*! uptake by the cervical thyroid gland suggested that 
the secretions of the struma ovarii had depressed the function of the 
cervical thyroid gland. 

The desire to ascertain the mechanism of this inhibition of the thyroid 
gland by either endogenous or exogenous thyroid substance motivated 
this study. This investigation was planned to determine whether the 
ingestion of thyroxine acted directly on the thyroid gland, decreasing its 
ability to respond to the thyroid-stimulating hormone (TSH) of the 
pituitary, or whether it decreased the availability of TSH by depressing 
the activity of the pituitary gland. It was postulated that if the thyroid 
gland was directly inhibited, then it would respond more vigorously to 
injected TSH during a control period than during an inhibited period. 
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On the other hand, if the activity of the pituitary gland was inhibited, then 
during the inhibited period, less endogenous TSH would be present and 
thus the thyroid would respond at least as vigorously to injected TSH 
during the inhibited period as during the control period. 


" METHODS 


Subjects: The subjects of these experiments were the authors and 
members of the house, student and technical staffs of the Maimonides 
Hospital of Brooklyn. All were apparently healthy and were clinically 
euthyroid without any endocrine or physical abnormalities. 

Assays of thyroid function: The activity of the thyroid gland was esti- 
mated by determinations of a) the uptake of radioactive iodine by the 
thyroid gland, b) the level of serum protein-bound iodine, and ¢) the basal 
metabolic rate. The uptake of I'*' by the thyroid was measured twenty- 
four hours after the ingestion of 10 microcuries of carrier-free radioactive 
sodium iodide. A Geiger-Miiller tube! shielded by lead, except for a side 
window measuring 5 inches by 1 inch, was placed 20 centimeters from the 
neck. Counts were taken of the entire head and neck area. The background 
counts from the head and neck area, excluding the thyroid gland, were 
then recorded by shielding the thyroid gland area with a one-inch-thick 
lead block. The difference between these two counts was considered to be 
the counts (‘‘7”’’) from the I! within the thyroid gland. An aliquot of 
10 microcuries of I'*! was prepared at the same time as the ingested dose 
and was placed in a standard vial; water was added to make a constant 
volume of 10 milliliters. Immediately after the counts over the thyroid 
were determined, the vial containing the 10 microcuries was placed 20 
cm. from the G-M tube;.counts were recorded before and after the inter- 
position of the lead block. The difference (‘‘S’’) was considered as the 100 
per cent value for the ingested dose. The percentage of I'*! retained by the 
thyroid twenty-four hours after ingestion of the dose, was calculated from 
the equation (“T’’/“S” X 100. Befgre ingesting a second dose of radio- 
active iodine, the number of counts produc ed by any residual I! within 
the thyroid gland was recorded. Ninety-one per cent of this residual 
count was assumed to be coming from the thyroid after twenty-four 
hours and was therefore subtracted from the ‘‘T”’ value. 

The serum PBI was determined by the method of Barker (6). The basal 
metabolic rates were determined on a Benedict-Roth apparatus; Mayo 
Foundation tables (7) were used in their calculation. 

Plan of experiments: Control studies of thyroid function were made. 

1 Bismuth Wall Gamma Counter, Mark 1 Model 12; Radiation Counter Laboratory, 
Chicago, Illinois. 
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The change in thyroid function after the intramuscular injection of TSH 
of the pituitary? was then determined. Serum was drawn for PBI analysis 
before, and on the first, second and third days after the TSH injection. 
A tracer dose of I'*! was ingested twenty-four hours after the injection of 
TSH and the uptake recorded forty-eight hours after the injection. 
About twelve days after the injection of TSH, thyroid function was 
reassayed to determine if there was a rebound hypofunction. When the 
function of the thyroid had returned to the control levels, a dose of 120 
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Fig. 1. Effect of 60 mg. of TSH on the normal thyroid gland before and during 
inhibition caused by the ingestion of thyroid substance. 


mg. of desiccated thyroid® was ingested daily for from fourteen to thirty 
days. At the end of this period, the uptake of I'*! by the thyroid gland was 
measured to ascertain if thyroid function was depressed. When this was 
confirmed, an identical dose of TSH was again injected intramuscularly. 
Any resultant change in function of the thyroid gland was determined 
(Fig. 1). 

Dose of TSH: In the initial experiments, a dose of 60 mg. of TSH was 
injected over a two-day period in four divided doses. Since this dose 
might be an excessive amount of TSH, studies were undertaken to find 





2 TSH—lot J-13903-R, Research Division, Armour and Co., Chicago, Illinois. 
3 Desiccated thyroid—“Tabloids,” Thyroid, U.S.P., Burroughs Wellcome and Co., 
Tuckahoe, New York. 
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the smallest dose of TSH which uniformly stimulated the thyroid gland. 
These smaller doses were given in one injection. When this “physiologic”’ 
dose of TSH was determined, the initial experiments were repeated with 
the substitution of the small ‘‘physiologic’”’ dose of TSH for the larger 
“pharmacologic” dose (Fig. 2). 


RESULTS 
(1) Determination of minimal effective dose of TSH 


The effect of varying doses of TSH upon the uptake of radioactive iodine 
by the thyroid gland and upon the level of serum PBI was determined in 
18 normal euthyroid subjects. The data are presented in Table 1. Doses of 
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Fig. 2. Effect of 10 mg. of TSH on the normal thyroid gland before and during 
inhibition caused by the ingestion of thyroid substance. 
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60 mg. and 10 mg. of TSH were associated with an increment above con- 
trol values of I'*! uptake of at least 21 per cent and with an increase in 
serum PBI of at least 2.5 gamma per cent in every case. Our data were 
not great enough to be subjected to statistical analysis, but our experience 
with these techniques makes us feel that these changes may be considered 
significant. In several of the patients given 5 and 2.5 mg. of TSH, increases 
of similar magnitude were induced. The changes produced on the whole, 
however, were much more variable than those induced by the larger 
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TABLE 1. STIMULATING EFFECT OF VARYING DOSES OF TSH on 
FUNCTION OF NORMAL THYROID GLAND 








Uptake of I'*' by thyroid Serum protein-bound iodine, 
gland, % gamma % 


TSH effect 





Dose of | 



































TSH, | TSH effect | 
meg. Control —_—_—_——; Control | . 
value Absolute | value | Absolute a 
“ais Change | | value Change 
| 27 66 | «+39 Se +6.6 
32 76 +44 3.4 | 6.7 +3.3 
29 62 | +833 4.5 11.6 | +7.1 
60 36 72 +36 | 3.2 6.6 | +3.4 
| 34 | ~~ «63 +29 | 4.3 11.2 +6.9 
36 57 +21 | 3.3 | 11.8 | +8.5 
| | 
Mean 32 | 66 +34 | 4.0 | 9.9 | +6.9 
37 «| ~—62 +25 | 6.0 | 88 | +42.8 
| 44 67 +23 4.5 7.5 | +3.0 
10 | 35 65 =| +30 5.7 93 | +38.6 
| 35 | 57 +| +22 4.9 9.1 +4.2 
Mean 388 | 63 | 25 5.3 | 8.7 +3.4 
“and a as \ aia | | 
35 400 | +5 | 38.8 6.0 +2.2 
| 35 43 +8 | 3.4 5.3 | 42.1 
5 | 20 | 52 432 | 6.7 8.2 | +1.5 
2 | 6 | +34 | 5.3 8.7 +3.5 
| | | | 
| | | 
| Mean 29 | 49 | +20 | 4.8 7.1 | +8.8 
| a —  f. 
38 | 54 | +16 | 6.7 | 86 | +2.1 
2.5 | 38 | 60 +22 | -- — | -— 
| 1 0 | 5.0 7.5 | +2.5 
| | | 
Mean 37 | 49 | +12 | 6.9 8.1 | +28.2 





doses. Therefore, 10 mg. of TSH was considered to be the minimal dose 
which was constantly effective. 


(2) Control studies before TSH injection 


The uptakes of radioactive iodine varied from 27 to 44 per cent in the 
subjects who had received either 60 mg. or 10 mg. of TSH (Table 1). In 
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our laboratory the range of normal uptake of I"! is from 10 to 50 per cent 
at twenty-i: « hours. 

The lee’ 4i serum PBI in these subjects varied from 3.2 to 6.0 gamma 
per cer i able 1). The normal range in our laboratory is from 3.0 to 8.0 
gamma per cent. 

The basal metabolic rate was determined in only 2 subjects. One of 
these subjects, 8.S., had a hypometabolic rate of —26 per cent. However 
his serum PBI was 3.4 gamma per cent, the 24-hour uptake of I! was 
32 per cent, and he demonstrated no clinical manifestations suggestive of 
hypothyroidism. It was our opinion that this subject was not hypothyroid 
despite his low rate of basal oxygen consumption. 


(3) Effect of TSH on the function of the normal thyroid gland 


a) Radioactive iodine uptake: The uptake of I'*! by the thyroid gland 
was sharply increased by doses of either 60 mg. or 10 mg. of TSH. Although 
there was overlap of effect between the 60-mg. and the 10-mg. doses, the 
mean increment with the larger dose of thyrotropin was 34 per cent as 
compared to 25 per cent with the smaller dose. The final values of I'*! 
uptake after TSH injection were in the hyperthyroid range in every case, 
varying from 57 to 76 per cent. The mean value after the larger dose of 

_TSH was 66 per cent and after the smaller dose of TSH was 63 per cent. 

The uptake was then retested about a fortnight after the start of TSH 
injection (Table 2). The thyroid uptake of the subjects, who had received 
the 60-mg. dose of TSH, rebounded to levels below the control values. 
The decreases from control values ranged from 12 to 26 per cent, with a 
mean of 21 per cent; the uptakes ranged from + 7 to +17 per cent. On 
the other hand, subjects who received only 10 mg. of TSH did not demon- 
strate the rebound phenomenon. The changes varied from —10 to +6 per 
cent, with a mean of —3 per cent, and were not considered significant. 

One month after the injection of 60 mg. of TSH in each of the first 4 
subjects, the uptakes of I*! by the thyroid were once again tested and 
were similar to pre-injection control values. The variations were —3, +1, 
+4 and +0 per cent, with a mean difference of only +0.5 per cent. 

b) Serum protein-bound iodine: The level of serum protein-bound iodine 
(PBI) was at least doubled in every subject who received 60 mg. of TSH 
(Table 1). There was a definite increase in serum PBI in the 4 subjects 
who received 10 mg. of TSH. The mean of the highest serum PBI levels 
after 60 mg. of TSH was 9.9 gamma per cent, which is not significantly 
different from the mean of 8.7 gamma per cent after 10 mg. of TSH. 

The level of serum PBI during the rebound period after the injection of 
60 mg. of TSH fell, in 3 of the 6 subjects, to below-the low normal of 3.0 
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gamma per cent. There was no rebound to hypothyroid levels after the 
10-mg. dose of TSH. These results are presented in Table 2. 

c) Basal metabolic rate: Two subjects had basal metabolic rates deter- 
mined before and after the 60-mg. TSH injections. The BMR of one rose 
from —26 to —16 per cent, and that of the other from —12 to +2 per 
cent. Thus there was a mean increment of +12 per cent. In neither case 


TABLE 2. REBOUND DEPRESSING EFFECT OF TSH ON FUNCTION 
OF NORMAL THYROID GLAND 




















Uptake of I"! by thyroid | Serum protein-bound iodine, 
| gland, % | gamma, % 
Dose of a ———- 
TSH, Rebound effect | Rebound effect 
mg. Control §|—-——--——_——— Control © |—————---—— 
value Absolute | | value Absolute | 
iia | Change | | value | Change 
27 7 —20 dk 3.0 —1.9 
e.- -e —22 34 .|. 22 |. 42 
60 | 29 | 7 | -12 4.5 27 | <1.8 
36 «6| ~~ =«(16 | =< | 8.7 | 3.3 | +0.1 
| 34 8 | -2% | 4.8 3.5 | 0.8 
| 36 0 | -6% | 33 | 96 | =07 
| | 
| Mean 32 11 — 21 4.0 | 2.9 —1.1 
| 37 27 «| «6-10 «| (6.0 | 5.9 | -0.1 
10 | 44 37 | -7 «| (4.5 5.6 | 41.1 
| 35 44 | +6 | 5.7 | 6.0 | +0.3 
i a a eS ee a | 
5 5.7 +0.4 


Mean 38 | 35 | —38 5.3 


was the basal rate increased above normal. There was no rebound fall in 
BMR during the fortnight after TSH injection. 


(4) Effect of ingestion of thyroid substance on the function of the normal 
thyroid gland 

a) Radioactive iodine uptake: There was a sharp drop in the uptake of 
I'5! by the thyroid in each of the 8 subjects while they were being fed 120 
mg. of thyroid substance per day (Table 3). The uptake of I'*" fell below 
15 per cent in each subject and below 10 per cent in 6 of the 8 subjects. 
The mean decrease of I'*! uptake was 27 per cent from the control value of 
34 per cent, resulting in a mean uptake of 7 per cent. 











a lle lit 
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b) Serum PBI: It is of interest to note that despite the ingestion of 
120 mg. of thyroid substance per day for from fourteen to twenty-nine 
days, there was no significant rise of the serum PBI; the mean increase 
was +0.2 gamma per cent. 

c) Basal metabolic rate: There was an elevation of the BMR of 11 to 12 
per cent in 3 of the 4 patients tested; the BMR of the fourth subject rose 
4 per cent. 


TABLE 3. DEPRESSING EFFECT OF INGESTION OF THYROID SUBSTANCE ON 
FUNCTION OF NORMAL THYROID GLAND 









































"Uptake o of = by édiy roid gland, % | pane PBI, gamma % 
—— ——— Jt. - —— 
: . Thyroid effect | | | "= roid effect 
Control No. of |_ | Novien 2 Da ae 
value | days of Abie | Control | days of | eee | 
(mean of 2 | thyroid lute | Change | value thyroid lite | Change 
readings) | ingestion | value | ingestion | value | 
— carey [eseresieeeeroenremonseens , 
25 | 19 3 —22 5.2 28 4.2 | —1.0 
32 12 7 | —25 3.9 14 4.3 | +0.4 
31 | 19 3 —28 3.4 28 3.7 | +0.3 
36 12 11 —25 3.7 14 3.5 | —0.2 
32 24 5 | —27 2.9 | 29 5.6 | —0.3 
40 14 | 5.6 | 20 5.8 | +0.2 
38 14 13 | -25 | 60 | 15 6.3 | 40.3 
34 14 9 -2 | 5.4 | 15 7.60 42.2 
| 
Mean 84 | — > | mgt ee | ae 5.1 | +0.2 


| 
| 





(5) Effect of TSH on the function of the thyroid gland which was inhibited 
by the ingestion of thyroid substance 


Three of the 4 subjects, who had received 60 mg. of TSH during the 
control period, received the same dose during the period of inhibition. 
The fourth received only 30 mg. of TSH during this period because of the 
development of diarrhea and urticaria, which we considered as a possible 
toxic reaction to TSH. The 4 subjects who had received 10 mg. during the 
control period, received the ‘same small dose during this period. 

a) Radioactive iodine uptake: The uptake of I'*! by the thyroid, which 
had been inhibited by the ingestion of thyroid substance, was sharply in- 
creased in all of the 8 subjects following the injection of either 60, 30 or 10 
mg. of TSH (Table 4). The increases ranged from 36 to 52 per cent. In 
only 2 of the 8 subjects was the total collection of I"*! after TSH below the 
hyperthyroid level of 50 per cent. 
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TABLE 4. STIMULATING EFFECT OF TSH ON FUNCTION OF THYROID GLAND WHICH WAS 
INHIBITED BY INGESTION OF THYROID SUBSTANCE 








Uptake of I'*' by thyroid gland, Serum PBI, 


| 
| 
| 
| 














a % gamma % 
ie of : alue TSH effect Value TSH effect 
TSH, during side tlatae aceiasiiamatel during ALE eed ees ee a 
mg. thyroid | Absolute | . | thyroid | Absolute 
ingestion | value Change ingestion odin Change 
3 55 |S +52 4.2 9.8 +5.6 
60 7 58 +51 4.3 8.9 +4.6 
3 55 +52 | 3.7 6.9 | +8.2 
30 11 63 +52 3.5 5.3 +1.8 
| Mean 6 | 58 +52 se | 2% | 2 
5 56 =|) =+51 5.6 9.5 +3.9 
10 3 39 +36 5.8 8.8 +3.0 
13 57 +44 6.3 Sut +2.4 
9 47 +38 a0 | 9.3 +1.7 
+42 6.3 | 9.1 +2.8 


| Mean 8 





Thirteen days after the injection of the 30 or 60 mg. of TSH and ten days 
after the cessation of desiccated thyroid ingestion, the uptake of I'*! was re- 
tested in the 4 subjects receiving the larger doses of TSH (Table 5). In 


TABLE 5. REBOUND DEPRESSING EFFECT OF TSH ON FUNCTION OF THYROID GLAND WHICH 
WAS INHIBITED BY INGESTION OF THYROID SUBSTANCE 











| 


Uptake of I'*! by thyroid 





Serum protein-bound iodine, 











| gland, % gamma % 
| —— _ — r —— —___—— —-—~--—— —-— | ee - = 
Dose of | Pre- Rebound effect | Pre- Rebound effect 
TSH, i ee RE. fore 
mg. ingestion | Absolute | n ingestion | Absolute , 
value value | Change value | value | Change 
pein a | | ee. 
25 | 6 ee 5.2 | 2320 —2.2 
60 a 11 | —21 3.9 | 24 |- =e 
310 | dB | —18 3.4 2.0 | —1.4 
| 
Mean 29 10 | -19 =|} 4.2 ss | —-1.9 
30 | ee ee ie Se MC 2.4 | -1.3 
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the 3 subjects receiving 60 mg. of TSH, the uptake rebounded to values 
between 6 and 13 per cent; the decrements ranged from 18 to 21 per cent. 
In the subjects who received only 30 mg. there was no decrease of uptake. 

b) Serum PBI: Prior to the injection of TSH, the serum PBI levels 
were normal despite the continued ingestion of thyroid substance. Follow- 
ing the injection of TSH, there was an increase of serum PBI to levels 
above 8.0 gamma per cent in 6 of the 8 subjects. The increment was 
above 2.5 gamma per cent in 5 of the 8 subjects (‘Table 4). 

The rebound decrease of serum PBI after the injection of either 30 
or 60 mg. of TSH and after cessation of desiccated thyroid ingestion was 
found to reach borderline or hypothyroid levels in all 4 subjects thus 
tested (Table 5). 

c) Basal metabolic rate: TSH injections caused an increase in BMR in 
all 4 subjects, but the increments were slight and in no case did the final 
BMR reach levels that were above +4 per cent (Table 6). 


TABLE 6. Errect or TSH on BMR WHILE SUBJECT WAS 
INGESTING THYROID SUBSTANCE 





Control | TSH effect Z Control 














| | | ‘. - Takoma effect 
Dose of | rate while ———_—_—_—— rate before |— mseoees 
TSH, | ingesting | Absolute | thyroid | Nadia pa 
mg. | thyroid, | value, | hange, ingestion, | value, | sai 
[  e | ee | we PG | % | % 
| | | 
oe | “Plas +11 “ie | > <a bo om 
|} -18 | -15 | +8 ~30 —23 | +7 
ies aes eee -14 | -18 | -4 
| | meee ay 
30 | — 4 ‘ee ee —16 | —ll +5 








During the fortnight after TSH injection there was no rebound to hypo- 
metabolic levels which were significantly below control values. 


(6) Comparison of effect of TSH on normal thyroid gland with TSH effect 
on thyroid gland which was inhibited by the ingestion of thyroid substance 


a) Radioactive iodine uptake: The increment of I! uptake after TSH 
injection during the control period averaged 38 per cent with the 60-mg. 
dose of TSH and 25 per cent with the 10-mg. dose. This was definitely 
less than the mean increment after the stimulating effect of the same 
doses of TSH upon the thyroid gland which had been depressed by 
desiccated thyroid ingestion (Figs. 1 and 2 and Table 7). In these latter 
experiments the mean increments were 52 per cent with the larger doses 
of TSH and 42 per cent with the 10-mg. dose. 
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TABLE 7. COMPARISON OF EFFECT OF TSH ON FUNCTION OF NORMAL THYROID GLAND 
AND OF THYROID GLAND INHIBITED BY INGESTION OF THYROID SUBSTANCE 





| Uptake of I"! by thyroid gland, % 











TSH effect 





























Dose of | | TSH effect _| Value while | 
TSH, | Control oe - ingesting | 
m | | , | 
g- value Absolute | | thyroid | Absolute Pen 
| value | Change | substance | value a 
60 | 27 | 6 | +39 | 3 #4='| 6&8 +52 
| 32 | 76 a | | 58 +51 
| 29 | 62 +33 3 55 +52 
‘ | 36 72 +36 | 11 63* +51* 
| Mean 31 690 | «+38 |b 58 +52 
| 
37 62 +25 | 5 56 +51 
44 67 +22 | 3 39 +36 
10 35 65 +30 13 57 +44 
| 35 | 57 +2 | 9 47 +38 
| | | 
| Mean 38 | 63 +9 | 8 50 +42 
Serum PBI, 
gamma % 
5.1 ne | -ee | 4@ +) @@ +e 
3.4 | 6.7 | + 3.3 43 "| “Os + 4.6 
60 4.5 11.6 + 7.1 an + 3.2 
a3 |: #8 + 3.4 3.5 5.3° + 1.8* 
| Mean 4.6 | 9.8 | + 4.7 | io | ¢7)6—l 6488 
| | | 
| | 
| 6.0 | 8.8 + 2.8 | 56 | 9.5 + 3.9 
| 46 | 33 + 3.0 5.8 8.8 + 3.0 
10 5.7 | 9.8 $e | §2 8.7 + 2.4 
49 | 9.1 +42] 76 | 93 +17 
| | 
Mem 68) Or) See ee ob ae: ee 





* After only 30 mg. of TSH instead of 60 mg. 


The absolute value of uptake of I"! by the thyroid gland after TSH was 
injected was greater in the control period as compared to the absolute 
uptake during the inhibited period. The mean absolute uptakes of 69 
per cent and 63 per cent in the control period were significantly greater 
than mean uptakes during the inhibited period, which were 58 and 50 
per cent, respectively, for the 60-mg. and 10-mg. doses. 
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b) Serum PBI: The increments and the highest levels of serum PBI 
after TSH injection were not significantly different in the control period 
from those in the inhibited period. With the 60-mg. dose of TSH the mean 
increment was 4.7 gamma per cent in the control period and 3.8 in the 
inhibited period; with the 10-mg. dose of TSH the corresponding mean 
increments were 3.4 and 2.8 gamma per cent. 


(7) Comparison of TSH effect on normal thyroid gland with TSH effect on 
thyroid gland which was inhibited during rebound from antecedent TSH 
injection ’ 

As demonstrated in Figures 1 and 3 and Table 5, about twelve to four- 
teen days after the injection of 60 mg. of TSH, the thyroid activity as 
measured both by uptake of I'*! and the level of serum PBI decreased to 
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Fig. 3. Effect of 60 mg. of TSH on the normal thyroid gland before and during 
inhibition associated with rebound from antecendent TSH injection 


subnormal levels. Table 8 reveals that the uptake of I'*! by the thyroid was 
more depressed by the ingestion of thyroid substance (mean of 6 per cent) 
than by the rebound depressions after TSH injection (means of 10 and 13 
per cent). 











220 PERLMUTTER, WEISENFELD, SLATER AND WALLACE Volume 12 


In the final experiment on 2 subjects, (Table 9 and Fig. 3) the effect 
of 60 mg. of TSH was determined first upon the control normal thyroid 
and then redetermined a fortnight later upon the same thyroid gland that 
was depressed during the rebound after the first TSH stimulation. 


TABLE 8. DEPRESSED THYROID FUNCTION DURING REBOUND FROM TSH INJECTION OR 
AFTER INGESTION OF THYROID SUBSTANCE 











Uptake of I" by thyroid gland, % 














During rebound of During inhibition by During rebound of 
normal thyroid injection of thyroid inhibited thyroid 
after TSH substance after TSH 

7 3 6 
10 ‘| 11 
iz 3 13 
16 11 35* 
Mean 13 6 16 
Serum PBI, gamma % 
3.2 3.0 
2.2 2.0 
AE 2.0 
3.3 2.4* 


Mean 2.9 2.4 








* After only 30 mg. of TSH instead of 60 mg. 


TABLE 9. CoMPARISON OF EFFECT OF TSH ON FUNCTION OF NORMAL THYROID GLAND 
AND OF THYROID GLAND INHIBITED BY REBOUND FROM ANTECEDENT TSH INJECTION 











Uptake of I'*' by thyroid gland, % 


























TSH effect | Rebound | Ten effect 
| | during rebound 
Control aT ee | 
value | Absolute | | Absolute C | Absolute 
pe | Change | value Yhange | value | Change 
34 63 40} ee om 
36 sy | «6422 | «#210 «| «(26 «| 7 | 61 
Serum PBI, gamma % 
4.3 1.2 | +69 | 3.5 -08 | 9.6 | +6.1 
3.3 11.8 $8.5 2.6 -0.7 | 10.9 | 48.3 




















February, 1952 THYROID INHIBITION BY THYROXINE INGESTION 221 


a) Radioactive iodine uptake: The increment of I'*! uptake after TSH 
injection during the control period averaged 25 per cent as compared with 
an average increment of 64 per cent during the rebound depressed state. 
The average absolute uptake percentage after TSH stimulation was 60 
per cent in the control period as compared with the average absolute 
uptake of 73 per cent during the rebound depressed state. Thus both the 
increment and absolute uptake percentage were greater during the 
depressed period. 

b) Serum PBI: The increment in serum PBI after TSH injection during 
the control period averaged 7.7 gamma per cent as compared with an 
increment of 7.2 gamma per cent during the depressed period. The highest 
serum PBI after TSH injection was 11.5 gamma per cent during the con- 
trol period and 10.3 during the depressed period. Thus there was no signifi- 
cant difference between the effect of TSH upon the serum PBI during the 
control period and during the period of rebound thyroid depression. 


DISCUSSION 
Major effect of thyroid ingestion: decrease in availability of TSH. 


Hoskins (8), in an editorial, succinctly stated the current concept of the 
relationships between the activities of the thyroid and pituitary glands. 
“When the titer of circulating thyroxine rises, the anterior pituitary is 
selectively inhibited and the discharge of thyrotropin is thereby decreased. 
Contrariwise, episodic or persistent thyroxine deficiency, if sufficient in 
degree, results in augmented thyrotropin production with resulting tend- 
ency for the production of more thyroid hormone.” This concept is directly 
or indirectly supported by a great deal of experimental data: Kuschinsky 
(9) in 1933 and Purves and Griesbach (10) in 1946 demonstrated that 
thyroxine administration decreased the TSH content of the rat’s pituitary 
gland to less than 5 per cent of control values. In patients with hypopi- 
tuitarism, in whom the tropic stimulus of pituitary TSH is lacking, there 
is atrophy and decreased function of the thyroid gland as demonstrated 
by decrease of BMR, serum PBI and thyroidal uptake of I'*! to subnormal 
ranges. Werner et al. (11) and Querido et al. (12) have demonstrated that 
the hypofunctioning thyroid of the panhypopituitary patient can be 
stimulated to normal function by the injection of TSH. Stanley and 
Astwood (13) and later Werner et al. (11) reported that in normal humans 
the thyroid glands which had been suppressed by the ingestion of thyroid 
substance, could be stimulated by the injection of TSH to normal function, 
as measured by the rise in the thyroidal uptake of I"! and in the concen- 
tration of serum PBI. Finally, Hill e¢ al. (14) reported that the admin- 
istration of ACTH inhibits thyroid function, as demonstrated by a 
low uptake of I*! and decrease in serum PBI; the subsequent injection of 
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large doses of TSH (80 mg. a day for two days) increased the uptake of 
I'3! and the concentration of serum PBI. They concluded that adrenal 
steroids suppress thyroid activity by inhibiting TSH production by the 
pituitary rather than by a direct action on the thyroid gland. The literature 
just summarized indicates that ingested thyroid substance inhibits the 
pituitary gland and thus decreases the availability of TSH. 

Our data strongly support this view. Since even minimal effective doses 
of TSH (10 mg.) can stimulate the normal thyroid gland which has been 
depressed by thyroxine ingestion, the major inhibiting effect of thyroxine 
seems to be mediated via decreased availability of TSH rather than via 
decreased ability of a depressed thyroid gland to respond to TSH. This 
conclusion is further strengthened by the fact that the increment in the 
uptake of I! resulting from’ an injection of TSH was greater when the 
thyroid gland was inhibited by thyroid ingestion than during the control 
period (Table 7) and that the increase of serum PBI was the same in both 


periods. 


Minor effect of thyroid ingestion: decrease in responsiveness of thyroid gland 
to TSH. 


On the other hand, our data also suggest that, to a minor degree, the 
ingestion of thyroid hormone does decrease the responsiveness of the 
thyroid gland to administered TSH. Thus, as demonstrated in Table 10, 
the uptake of I*! in subjects receiving exogenous thyroid was increased to 
58 per cent following administration of TSH, as compared with a rise to 69 
per cent in these same subjects in response to TSH administered before 
exogenous thyroid was started. On the other hand, TSH given to subjects 
in the phase of a rebound from previously administered TSH resulted in 
a rise of I! uptake to 73 per cent. When TSH was given to these latter 
subjects during a control period, the I'*! uptake rose to only 60 per cent. 
Although the data are too few to lend themselves to statistical analysis, 
they do demonstrate that TSH stimulation can result in total I’! accumu- 
lation at least as great as that obtained in the control period, even though 
the initial level prior to administration of TSH was considerably below 
that of the control. The failure of TSH to evoke as great a total accumula- 
tion in patients while receiving exogenous thyroid as during control 
periods cannot be attributed solely to starting at lower pre-injection 
levels. It is possible that the administered thyroid hormone partially 
impaired the ability of the thyroid gland to respond to administered TSH. 

This interpretation agrees with the conclusions of Cortell and Rawson 
(15) who presented data indicating that ingestion of thyroid substance 
may have a direct inhibiting effect on the thyroid gland by blocking the 
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TaBLE 10. CoMPARISON OF EFFECT oF TSH ON FUNCTION OF NORMAL THYROID GLAND 
AND OF THYROID GLAND INHIBITED EITHER BY INGESTION OF THYROID 
SUBSTANCE OR BY REBOUND FROM ANTECEDENT TSH INJECTION 








TSH effect 









































| | TSH effect | 
| 
Test Control Abso- Inhibited Abso- 
value lute Change value lute Change 
value | | value 
| — —— = Ry 
| _ | Inhibition by ingestion of 
| thyroid substance 
Uptake of I! by 27 66 +39 3 55 | +52 
thyroid gland, % 32 76 +44 7 58 +51 
29 62 +33 3 55 +52 
36 72 +36 11 63* +51* 
Mean 31 | 69 +38 6 58 +52 
| 
Protein-bound io- | St | 9087 +6.6 4.2 9.8 +5.6 
dine, gamma %_ | 3.4 | 6.7 +3.3 4.3 8.9 +4.6 
| 4.5 | 11.6 +7.1 3.7 6.9 +3.2 
| 3.2 | 6.6 | +3.4 | 3.5 | 5.3*| +1.8* 
Mean | 45 | 98 | +47 | 8.9 | v7 | 48.8 
| | | ne. a ee 
| | | Inhibition by rebound 
| | from TSH 
Uptake of I by 34 | 63 +29 | 8 | 75 | +67 
thyroid lend. % | 98 | 57 +22 | 10 | 71 | «(+61 
| | 
| 
Mean | 35 | 60 +2 | 9 | 7 | +64 
| 
| | 
Protein-bound io- =| 4.3 | 11.2 | 46.9 | 3.5 9.6 | +6.1 
dine, gamma % | 44 | tA +8.5 | 2. | 10.9 | +8.3 
| | | 
| } | | | 
Mean | by | | +7.2 


11.6 | +7. 


i. 
es) 
~~ 
~~ 
mn) 
WS) 





* After only 30 mg. TSH instead of 60 mg. 


effect of TSH. They demonstrated that the administration of thyroxine to 
immature guinea pigs depressed the response of the thyroid gland to 
exogenous TSH; the response was estimated by increase in mean cell 
height of the follicular cells of the thyroid. Administration of thyroxine 
before and during the injection of TSH to hypophysectomized rats de- 
creased the response of the thyroid gland to the TSH; the response was 
measured by the ability of the thyroid gland to collect I'*! as well as by 
the mean cell height of the thyroid epithelium. On the other hand, when 
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thyroxine was given to intact adult rats, there resulted a decrease in 
mean cell height of the thyroid epithelium which was restored to normal 
by the administration of an excess of TSH. 

With the availability of new methods of assaying serum for TSH con- 
tent (16), a more direct approach to the study of the effect of thyroxine 
ingestion upon the level of serum TSH will be feasible. 

In the course of investigating the foregoing problem, two associated 
questions concerning the regulation of the activity of the thyroid arose: 


1. What is the mechanism by which TSH injection causes rebound hypothy- 
roidism? 

The rebound hypothyroidism which appeared two weeks after the 
injection of large doses of TSH (60 mg.) responded vigorously to TSH 
stimulation. This suggests that the rebound hypothyroidism was caused by 
decreased TSH availability, which in turn might be the result of the ante- 
cedent high level of serum PBI caused by the first TSH injection. Accord- 
ing to the classic concept, summarized by Hoskins, the elevated serum 
PBI would inhibit the production and/or secretion of TSH. Another 
possible cause of decreased TSH availability might be the direct inhibitory 
effect of TSH upon the pituitary, resulting in decreased production and/or 
secretion of TSH. The data in Table 1 reveal that 60 mg. and 10 mg. of 
TSH both caused serum PBI levels to rise to approximately the same 
mean height—9.9 gamma per cent with the former and 8.7 gamma per 
cent with the latter dosage. Despite this similarity of the peak PBI 
levels, rebound hypothyroidism occurred only in the subjects who re- 
ceived 60 mg. of TSH and not in those who received 10 mg. It is of interest 
to note that 2 of the subjects receiving 60 mg. of TSH had a definite re- 
bound hypothyroidism, even though the peak level of PBI as a result of 
the antecedent TSH injection was only 6.6 gamma per cent in one and 6.7 
gamma per cent in the other. These levels were below the peak PBI 
levels of 7.5 to 9.3 gamma per cent produced in the subjects who received 
10 mg. of TSH and who failed to demonstrate any rebound hypothyroidism. 
The serum PBI concentrations of these 2 subjects who received 60 mg. 
failed to rise above the levels attained after the injection of 10 mg. They 
also failed to remain above the control levels longer than those of the 
subjects who received only 10 mg. of TSH. It would appear, therefore, 
that our limited data support the view that the amount and/or duration 
of exogenous TSH activity directly depresses the pituitary function with 
regard to TSH production and/or secretion, rather than the height or dura- 
tion of the elevation of serum PBI. Further study is necessary to elucidate 
this point. 
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2. How does ingested thyroid substance inhibit thyroid gland activity without 
elevating the level of serum PBI? 


The classic view is that the ingestion of thyroxine elevates the level of 
the serum PBI, thus depressing the activity of the pituitary and therefore 
secondarily depressing the thyroid gland. The uptakes of I'** by the thy- 
roid gland of all 8 normal subjects reported in this study were markedly 
decreased as a result of the ingestion of thyroid substance; it is of signifi- 
cance that this occurred without any demonstrable elevation of the serum 
PBI. Peters and Man (17) have reported that the low level of the serum 
PBI in nephrotic patients is not elevated by the ingestion of 4 grains of 
desiccated thyroid per day. We have noted that the uptake of I'*' fell 
from 50 per cent to 4 per cent in a nephrotic patient who was fed 3 grains 
of desiccated thyroid per day; this decrease occurred without even a tem- 
porary rise of serum PBI from the low control level of 2 gamma per cent. 
These observations would indicate that there are mechanisms whereby 
the ingestion of thyroid substance can inhibit thyroid gland function with- 
out elevating the level of serum PBI. The foregoing data also raise the 
remote possibility that the governing factor in maintaining a static level 
of PBI may not be pituitary activity. Much further investigation is needed 
to determine the factors which do control the level of serum PBI in health 
and disease. 


SUMMARY 


1. The effect of the intramuscular administration of varying doses of 
the thyroid-stimulating hormone of the pituitary gland upon the function 
of the thyroid gland has been studied in 18 normal subjects. Ten milli- 
grams of TSH was the dose which was minimally effective in increasing 
the uptake of I! by the thyroid gland and the level of the serum PBI, 
these having been determined to be the most sensitive indices of thyroid 
function. 

2. The ingestion of 120 mg. of thyroid substance daily for twelve or 
more days resulted in a decrease in the thyroidal uptake of I'*! to hypo- 
thyroid levels, unaccompanied by any increase in the level of the serum 
PBI and with only a slight increase in the BMR. 

3. Both the serum PBI level and the mean uptake of I'*! by the thyroid 
gland, which had been inhibited by ingestion of thyroid substance, could 
be increased to hyperthyroid levels by the administration of 10 mg. or 60 
mg. of TSH. 

4. After similar doses of TSH, the increment in the uptake of [*! by 
the thyroid gland, which had been inhibited by ingestion of thyroid 
substance, was greater than the increment in the uptake in the control 
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studies. The total collection of I'*! in the former case, however, was less 
than the total uptake in the latter. Both the increase in, and the highest 
levels reached by, the serum PBI in response to TSH injections were the 
same in the control and in the thyroid-inhibited periods. 

5. Rebound hypofunction of the thyroid gland was noted fourteen days 
following an injection of 60 mg. of TSH. Rebound hypothyroidism was 
not noted following the administration of 10 mg. of TSH. 

6. A second dose of TSH administered during this rebound phase evoked 
not only a greater increment in, but also a greater total collection of [*! 
than had been noted following the original dose of TSH. The increase in 
the level of serum PBI was the same after each of the two injections of 
TSH. 

7. Our data lend support to the view that ingestion of thyroid substance 
decreases the function of the thyroid gland primarily through pituitary 
inhibition. To a minor degree, the ingested thyroid substance appears to 
decrease the responsiveness of the thyroid gland to administered TSH. 
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MEASUREMENTS OF THYROID EPITHELIUM IN 
GLANDS PREPARED FOR SURGERY WITH 
IODOTHIOURACIL AND WITH OTHER 

ANTITHYROID DRUGS*f 


BORIS CATZ, M.D. ann PAUL STARR, M.D. 


From the Department of Medicine, University of Southern California; and the Thyroid 
Clinic, Los Angeles County General Hospital, Los Angeles, California 


HIS study was conducted in order to determine whether or not 

sodium-5-iodo-2-thiouracil,! henceforth called Itrumil? (R), produces 
a microscopic picture in the thyroid gland that differs from that produced 
by other antithyroid drugs combined with and followed by iodine. 


METHODS AND MATERIALS 


Sixteen normal thyroid glands from autopsy material, and 3 biopsy 
specimens from untreated hyperthyroid glands, served as controls. 
The material for comparison consisted of the thyroid glands which 


were removed by thyroidectomy from the following: 


12 patients prepared preoperatively with Itrumil 


2 patients prepared preoperatively with a mixture of thiouracil and potassium 
iodide in amounts equivalent to the thiouracil and the iodine in the Itrumil 


compound 
24 patients prepared preoperatively with Lugol’s solution only 


~J 


patients prepared preoperatively with thiouracil combined with and followed by 


Lugol’s solution (except 1 patient who received both drugs until the day of oper- 


ation) 


11 patients prepared preoperatively with propylthiouracil combined with and fol- 
lowed by Lugol’s solution (except for 2 patients who received both drugs until 


the day of operation) 


ao 


patients prepared preoperatively with methylthiouracil combined with and 


followed by Lugol’s solution (except for 2 patients who received both drugs 


until the day of operation) 


The regimen of treatment which continued until the time of operation 
varied. The ranges and averages are given in Table 1. Special efforts 
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were made to have the patients completely controlled before surgical 
intervention. This was strictly supervised in the group treated with Itrumil 
and with thiouracil plus potassium iodide. In the other groups, hospital 
records were investigated and the impression was obtained that the 


TABLE 1 





yy Stas acinar cell I height | 
Total | (micra) 


= esaciaseans | Therapy 


| 
of | Average, 
cases | Range | and S8.D.* | 
| 








6.1+1.0 | Controls: normal thyroid glands 





| 
| 
| 
16 | 3.6— 7.2 
| Controls: biopsy specimens from untreated hyper- 











| 
3 | 14.9-21.8 | 18.7+3.5 | 
| | thyroid glands 
12 4.6-12.1 | 8.6+2.0 | Itrumil, 100-600 mg. daily, for 45 days 
24 4.0-14.3 | IOs7-E2¢5 | Lugol’s, gtts. 9-90 daily, for 30 days / 
11 6.8-16.9 | 12.38+3.0 | Propylthiouracil, 150-600 mg. daily, for 70 days, 


combined with and followed by Lugol’s, gtts. 
15-45 daily, for 28 days 








10.0-18.0 | 13.4+3.0 | Thiouracil, 300-600 mg. daily, for 33 days, com- 
| | bined with and followed by Lugol’s, gtts. 15-45 
| daily, for 20 days 


| 








5 | 10.7-15.1 | 13.3+1.6 | Methylthiouracil, 400 mg. daily, for 75 days, com- 
bined with and followed by Lugol’s, gtts. 30 daily, 
for 12 days 





2 6.6-13.3 | 10.0+4.6 | Capsules of thiouracil+KI (100 mg. of thiouracil 
+131 mg. of KI per capsule. Proportions equiva- 
| | lent to the thiouracil and the iodine in the Itrumil 
| boas aiinasite. 2 soe daily, for 38 days 

















* Standard deviation. 


patients’ toxic symptoms were fully controlled before the operation date. 
Only cases of non-nodular goiter and thyrotoxicosis confirmed by patho- 
logic study were considered. 

In 12 cases treated with Itrumil and 2 with thiouracil plus potassium 
iodide, sections were examined in from two to four different blocks of the 
same surgical specimens. In all the other cases, only sections from one 


block were available. 
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Measurements of the thyroid epithelium were made by microhistometry, 
following the method established by Starr and Rawson (1, 2, 3) and others 
(4, 5, 6). These measurements were made under oil immersion by means 
of an ocular micrometer calibrated with a stage micrometer. The histologic 
section was investigated systematically until 100 acini had been studied. 
In the path of crossing, each acinus with a lumen large enough to present 
a definite cell wall was included in the study. Interacinar cells were not 
measured. The cells which were clear enough were measured and those 
whose heights were representative of the particular type of acinus were 
tabulated. The mean acinar cell height, standard deviation and standard 
error of the mean were determined. 


RESULTS 
Controls 


Normal. The 16 normal thyroid glands were obtained at autopsy from 
patients ranging in age from 22 to 50 years. They had a mean acinar cell 
height of from 3.6 to 7.2 micra and an average of 6.1+1.0 micra (Table 1). 

Untreated hyperthyroidism. In the 3 untreated hyperthyroid glands the 
mean acinar cell height ranged from 14.9 to 21.8 with an average of 
18.7+3.5 micra (Table 1). 


Comparative study 


The glands from hyperthyroid patients treated with various antithyroid 
drugs gave the following averages (Table 1): 

Patients treated with Itrumil. The mean acinar cell height ranged from 
4.6 to 12.1 with an average of 8.6+2.0 micra; all but two had mean 
acinar cell heights below 10 micra. In cases in which from two to four 
blocks were cut from the surgical specimen, the differences between sec- 
tions were small. In several instances they were within a range of 0.1 
micra, whereas the greatest range was 1.6 micra. 

Patients treated with thiouracil plus potassium iodide. The glands of the 2 
patients showed cell heights of 6.6 and 13.3 with an average of 10.0+4.6 
micra. 

Patients treated with Lugol’s solution alone. The mean acinar cell height 
ranged from 4.0 to 14.3 micra and the average was 10.7 +2.5 micra. Only 
6 of the 24 cases had mean acinar cell heights below 10 micra. 

Patients treated with thiouracil combined with Lugol’s solution: The mean 
acinar cell height ranged from 10.0 to 18.0 with an average of 13.4+3.0 
micra. No gland showed a mean acinar cell height below 10 micra. 

Patients treated with propylthiouracil combined with Lugol’s solution: The 
mean acinar cell height ranged from 6.8 to 16.9 micra and the average was 
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12.3+3.0 micra. Of the 11 cases studied, only 3 had a mean acinar cell 
height below 10 micra. 

Patients treated with methylthiouracil combined with Lugol’s solution. The 
mean acinar cell height varied from 10.7 to 15.1 with an average of 13.3 
+1.6 micra. None of the cases showed a mean acinar cell height below 10 
micra. 


MACH. BELOW IO MICRA 





6 MACH. ABOVE 10 MICRA’ 





24 Cases 





20 TOX fo cases 











“ 


LuGoU 




















Fig. 1. Mean acinar cell heights (M.A.C.H.) of thyroid epithelium in thyroid 
glands prepared for surgery with iodothiouracil and with other antithyroid drugs. 

Column A—In controls: 16 normal adult thyroid glands obtained at autopsy, and 
3 biopsy specimens from untreated hyperthyroid glands. 

Column B—In glands from patients treated with Itrumil (iodothiouracil). 

Column C—In glands from patients treated with propylthiouracil and Lugol’s solution. 

Column D—In glands from patients treated with Lugol’s solution alone. 

Column E—In glands from patients treated with thiouracil and Lugol’s solution. 

Column F—In glands from patients treated with methylthiouracil and Lugol’s 
solution. 

Column G—Miscellaneous: in glands from 5 patients who received both the anti- 
thyroid drugs and Lugol’s solution until the date of operation; 2 patients who received 
thiouracil and potassium iodide (in amounts equivalent to the thiouracil and the iodine 
in the Itrumil compound); and 1 who received Tapazole and was not included in our 
comparison series. 
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Statistical analysis* 


Quantitative comparison of the foregoing groups shows that the mean 
acinar cell height is significantly lower for the normal group than for any 
treated group and all of the treated groups have significantly lower mean 
acinar cell heights than the untreated hyperthyroid group. Among the 
treatment groups, the Itrumil group has significantly lower mean acinar 
cell heights than the Lugol’s solution group which, in turn, has mean 
acinar cell heights significantly lower than the pooled group of the other 
four treatment groups. Since the 95 per cent confidence limits® of the normal 
adult group are from 3.1 to 9.1 micra, it may be seen in Table 1 and 
Figure 1 that 8/12 of the measurements in the Itrumil group were brought 
within these limits, whereas only 4/24 and 3/23 of those in the Lugol’s 
group and in the pooled treatment group, respectively, were brought 
within these limits. 

The relative uniformity of the mean acinar cell height determination 
was investigated to ascertain if the appearance of a single section is likely 
to be representative of the entire gland. The multiple mean acinar cell 
height determination for different blocks of the same gland showed an 
intra-group correlation of 0.985 and mean difference of 7 per cent. This 
deviation is significantly better than a mean difference of 15 per cent. 


COMMENT 


The follicle cell is accessible to mass measurement by microhistometry. 
This method gives a consistent analysis of the normal and pathologic 
thyroid structure. Variations shown between different blocks from the 
same surgical specimen are minimal and can be used statistically. There- 
fore, the measurement of the thyroid epithelium and the determination of 
the mean acinar cell height were used to compare the effects of the different 
antithyroid drugs investigated in this paper. 

The average mean acinar cell height of 6.1 micra found in the 16 normal 
glands of autopsy cases agreed with the value given by Abel (4), using the 
same method. We were, therefore, satisfied with the analysis of the 16 
cases. The same can be said about the 3 untreated hyperthyroid cases, 
with an average mean acinar cell height of 18.7 micra. 

Our figures, as summarized in Table 1 and Figure 1, show that the 
average mean acinar cell height of all the treatment groups was less than 

3 The authors are indebted to Frank Cramer, A. B., Department of Experimental 
Medicine, University of Southern California, for this statistical analysis. 


4 P=0.02 or less. 
5 Confidence limits represent the limits within which we expect to find the middle 


95 per cent of the population. 
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that found in the untreated hyperthyroid cases, but no group was within 
the normal average. The group prepared for surgery with Itrumil had a 
lower mean acinar cell height (8.6 micra) than all the other treatment 
groups and more closely approached the average mean acinar cell height 
of the normal controls. 

The antithyroid drugs, in most cases, were discontinued two or three 
weeks preoperatively, whereas the Lugol’s solution was continued. In 8 
patients, however, (column G, Figure 1), the miscellaneous antithyroid 
drugs and Lugol’s solution were continued together until the time of 
operation, so that the pathologic findings and the mean acinar cell 
height measurements represent the simultaneous action of both medica- 
tions. It may be seen that the persistence of abnormal cell height is present 
in this group, as well as in the others represented by columns C, D, E, 
and F (Fig. 1). Of the 12 Itrumil-treated glands (Column B, Fig. 1) 
only 2 showed abnormal cell heights. These findings may possibly show 
that Itrumil acts differently from the other antithyroid drugs considered 
here. 

SUMMARY 


Measurements of the thyroid epithelium and determination of the 
mean acinar cell heights have been made in glands removed by operation 
from patients with hyperthyroidism preoperatively prepared as follows: 


in 12 cases with Itrumil (iodothiouracil), in 24 cases with Lugol’s solution 
alone, in 23 cases with various antithyroid drugs such as thiouracil, 
methylthiouracil and propylthiouracil combined with and followed by 
Lugol’s solution, and in 2 cases with thiouracil plus potassium iodide in 
amounts equivalent to those of the thiouracil and iodine in Itrumil. Con- 
trol observations have been made on 16 normal thyroids obtained at 
necropsy and on 3 biopsy specimens from untreated glands in hyper- 
thyroidism. 

It has been shown that the determination of the mean acinar cell height 
is a precise method which provides consistent results in interpreting the 
structure of the thyroid gland under normal conditions and in hyperthy- 
roidism. 

This comparative study shows that in hyperthyroid patients prepared 
for operation with iodothiouracil, the thyroid epithelium has a lower 
average mean acinar cell height than in all the other treatment groups 
described. Statistical evaluation supports the above findings. 
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PROTEIN-BOUND IODINE IN THE SERUM OF 
SOLDIERS AND OF ESKIMOS 
IN THE ARCTIC* 
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From the Department of Pharmacology, Harvard Medical School, Boston, Mass. 


T IS a common impression among clinicians that environmental stress 

which results in psychic traum’ may precipitate hyperthyroidism in 
susceptible individuals. However, fluct*iations in thyroid activity as a result 
of environmental changes have never been clearly demonstrated in normal 
humans by experimental methods. In certain animals one type of environ- 
mental stress, exposure to cold, does lead to a very substantial increase 
of thyroid activity (2). In the present investigation an attempt was made 
to determine whether exposure of normal human subjects to arctic cold 
would cause any stimulation of thyroid function as measured by the con- 
centration of protein-bound iodine in the serum and by the basal metabolic 
rate. In addition, serum protein-bound iodine was determined in a group 
of Eskimos who spend their entire lifetime in the Arctic. 


MATERIAL AND METHODS 


The subjects were 7 healthy soldiers from 18 to 36 years of age stationed 
at Fort Knox, Kentucky. The autumn months of 1947 constituted a con- 
trol period during which the men were subjected to various tests and fre- 
quent marches. The subjects arrived at Fort Churchill, Manitoba, on 
December 31, 1947. They were housed in heated barracks, ate regular 
mess rations, and wore standard arctic clothing. Their daily routine con- 
sisted of snow-shoeing and attending an arctic indoctrination course. 
This kept them outside and exposed to the cold for approximately four 
hours daily. During part of February, however, the exposure to cold was 
somewhat more intense. For two weeks the subjects were in bivouac, 
where they lived in cloth tents heated only in the early morning and during 
the evening, and slept in sleeping bags. Periods of approximately six hours 
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+ Formerly Captain, M.C., A. U. 8.; present address, Massachusetts General Hos- 
pital, Boston, Massachusetts. 

t Department of Pharmacology. Harvard Medical Schoal, Boston. 
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daily were spent outdoors marching on snowshoes or building snow 
houses. On April 4, 1948, the subjects returned to Fort Knox, where they 
were observed until May 15, 1948. 

Values for the average mean temperature, wind speed, and “‘wind chill” 
for the eight months of the experiment are presented in Table 1. 


TABLE 1. MEAN MONTHLY WEATHER 






































Air | ¥ - y 
Location Month temp., | wW ind, Wind chill,* 
Ten | miles/hr. | Kg. cal./sq. M/hr. 
| 
Ft. Knox, Ky. Sept. 20.7 3.8 230 
Oct. 18.3 2.4 240 
Nov. 6.0 5.3 560 
Dec. 2.9 4.5 570 
Ft. Churchill, Jan. —25.5 15.8 1700 
Manitoba Feb. © —29.5 18.3 1860 
| March. | —20.5 | 16.7 | 1690 
Ft. Knox, Ky. | April tages Ube rouge a 390 
| 5.4 


| May _ | 310 





* Wind chill (3) purports to indicate the cooling power of the atmosphere due to 
both air temperature and air movement in terms of rate of heat loss from a nude sur- 
face maintained at 33° C., the average skin temperature in a comfortable environment. 


Basal metabolic rates were determined in duplicate with the Benedict- 
Roth metabolism apparatus and are expressed as kilogram calories per 
square meter of body surface per hour. All determinations were made in 
comfortably warm barracks before the subjects arose for breakfast. 

Venous blood samples were drawn from the soldiers before breakfast. 
The serum was separated from the clotted blood, and the precipitated 
proteins were analyzed for iodine by the method of Man et al. (4). During 
the summer of 1947, blood samples were also collected for iodine determina- 
tion from 10 Eskimos at Southampton Island, and from 7 Eskimos at 
Chesterfield Inlet, Northwest Territory. The Eskimos were all males and 
on brief physical examination appeared to be in reasonably good health. 
Since their diet consisted largely of sea food which is comparatively rich 
in iodine, the precipitated serum proteins were washed five times with 
doubly-distilled water prior to analysis in order to make certain that all 
traces of inorganic iodide were removed. This precaution was particularly 
necessary, since the subjects were not fasting when the blood was collected. 

Forty-nine of the samples of serum were analyzed in duplicate for pro- 
tein-bound iodine. In the remaining seven samples a single analysis was 














February, 1952. PBI OF SOLDIERS AND ESKIMOS IN THE ARCTIC 237 


performed. The standard deviation of a single value estimated from the 
difference between duplicates was +0.46 micrograms per cent, and the 
standard error of the mean of a duplicate pair was + 0.32 micrograms per 
cent. 
RESULTS 
A. Soldiers (‘Table 2). In 6 of the 7 subjects the concentration of protein- 
bound iodine in the serum remained within the normal range (3.5 to 7.0 


’ TABLE 2. SERUM PROTEIN-BOUND IODINE OF SOLDIERS 


(micrograms per 100 cc. of serum)* 





























Subject Nov. 15 | Dec. 27 | Jan. 28 | March 4 | M May 5 
Mu. | 3.8 — 2.8 3.6 2.6 3.4 
Fa. 5.8 5.5 5.1 4.6 4.6 5.3 
Mi. | 6.1 5.3 4.7 42° | 8a 4.7 
Me. | (6.3) 6.7 4.9 4.7 | 5.4 5.4 
Ma. } > hel 5.5 5.7 4.8 | 5.2 (6.0) 
Go. | (5.0) 4.5 4.4 — | 4.5 4.4 
Se. 5.7 — | 4.0 | 4.4 | 3.6 4.3 











* Each value is the mean of duplicate analyses, ini those in parentheses, 
which are the results of single analysis. 


micrograms per cent) throughout the period of observation. In the seventh 
subject (Mu.) the values tended to be lower than in most normal men 
and on two occasions were definitely subnormal (below 3.0 micrograms 
per cent). 

The serum protein-bound iodine did not rise during the period in the 
Arctic. On the contrary the mean concentration of protein-bound iodine 
in the samples taken at Fort Churchill (4.4 micrograms per cent) was 
slightly lower than the mean concentration in the samples taken at 
Fort Knox (5.2 micrograms per cent). This difference is probably too 
small to be physiologically important. 

The basal metabolic rates are presented in Table 3. There was no signifi- 
cant change throughout the period of observation in any of the subjects. 
Unfortunately it was impossible to obtain satisfactory determinations of 
the basal metabolic rate in subject Mu. 

B. Eskimos (Table 4). The serum protein-bound iodine of the 17 Eskimo 
subjects ranged from 4.2 to 9.0 micrograms per cent, with a mean of 6.5 
micrograms per cent. For comparison, in a group of 55 euthyroid patients 
at the Massachusetts General Hospital the range was from 3.6 to 7.0, and 
the mean was 5.1 micrograms per cent (5). The difference between the 
means of these two groups is statistically highly significant. All but one 
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TABLE 3. BASAL METABOLIC RATES OF SOLDIERS 
(kilogram calories per square meter of body surface per hour) * 
SS ; — = — 
Subject | Sept. 27 | Dec. 6 | Jan. 20 | March 3 | April 27 

mm | 23 | Ope [ae fle 
Mi. 37.9 | 37.9 38.2 | 37.5 37.1 
Me. 39.4 37.5 38.5 | 39.1 38.7 
Ma. 38.8 | 39.9 40.4 | 38.9 38.7 
Go. —_ 41.7 40.2 | 40.7 | 39.6 
Se. 39.4 38.1 | 38.7 | 38.9 39.1 





* Eac - aie is nti mean of three or more determinations made on two or more con- 


secutive days, except the one in parentheses, which is the mean of two determinations 


only. 


of the Eskimos with serum protein-bound iodine concentrations higher than 
7.0 micrograms per cent were at Southampton Island. Indeed the mean 
for the Southampton Island group was 7.1 micrograms per cent, whereas 
the mean for the Chesterfield Inlet group was only 5.7 micrograms per 
cent, the difference between the two groups being significant at the 5 
per cent level by the ‘‘t’’ test. Moreover, when the Chesterfield Inlet 


TABLE 4. SERUM PROTEIN-BOUND IODINE OF ESKIMOS 


Locality 





Southampton Island, 


N.W.T. 
Chesterfield Inlet, 
N.W.T. 
Chesterfield Inlet, 
N.W.T. 
Chesterfield Inlet, 
N.W.T. 














| 
| 


No. of | 
subjects Race* 
10 Eskimo 
3 Eskimo 
2 Eskimo-Indian 
2 | Eskimo- White 


Serum protein- 
bound iodine 
















, 
0b es 
| 
| 


| Mean | Ri 
31 t= 58 
39 | 18- —55 
35 “32. 38 
25 | 20-30 
| 


N 


(micrograms 
per ita 
fean | eiaak 
7.1 | 5.2-9.0 

| 
5.8 | 4.9-7.6 
6.3 | 6.2-6.4 
4.2-5.7 


5.0 | 
| 





° * Judged “~ ail impression and interrogation. 


group alone was compared with the group of euthyroid subjects at the 
Massachusetts General Hospital, the value of ‘‘t’’, 1.74, fell short of the 5 


per cent level of significance. 
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DISCUSSION 


Previous attempts to determine whether exposure of humans to cold 
would cause increased thyroid activity have relied upon the basal metabolic 
rate as an index of thyroid function. The results were preponderantly 
negative. The increased basal metabolism reported by Horvath (6) in 4 
of 5 subjects after eight days of exposure to extreme cold was not impres- 
sive. Ames and Goldthwait (7) have published the results of a study very 
_ similar to the one reported here. They made repeated determinations 
of the basal metabolism in a group of 11 healthy young soldiers who were 
studied at Lawrence, Massachusetts, during the fall of 1947 and then 
transported to Fort Churchill, Manitoba, where they were observed 
during December 1947 and January, February and March, 1948. Living 
and environmental conditions for these men were much the same as for 
the subjects of the present report. The average daily cold exposure of 
these 11 men ranged from 1.2 hours to 5.1 hours. No change was detected 
in the basal metabolic rate of 10 of these subjects. In the eleventh subject, 
whose daily cold exposure averaged 5.1 hours, the basal metabolism in- 
creased gradually during the winter from 42.1 Kg. cal./sq. M/hr. on 
October 10, to 55.0 Kg. cal./sq. M/hr. on March 19. On April 1 he returned 
to Massachusetts and on May 4 his basal metabolism was 43.2 Kg. 
cal./sq. M/hr. and on May 5, 43.8 Kg. cal./sq. M/hr. It is interesting to 
note that of the 10 subjects whose basal metabolism did not change, 1 had 
an almost identical cold exposure of 5.0 hours daily. Stein, Bader, Eliot 
and Bass (8) exposed 3 healthy males successively to 19 five and one- 
quarter hour periods of heat (107° F. dry bulb, 89° F. wet bulb), to 14 
five-hour periods of cold (—20° F.), to five re-exposures to heat, to a five- 
week interval of no exposure to environmental stress or rigorous exercise 
and finally to three re-exposures to heat. They observed no significant 
differences in basal metabolism in any of the exposure periods. In none of 
several other laboratory investigations in which cold exposure lasted from 
several hours to several days did the basal metabolic rate increase signifi- 
cantly (9-13). Furthermore, Peroni (14) failed to observe any increase 
in basal metabolism among members of an arctic expedition who were 
exposed to cold under conditions somewhat similar to those of the present 
study. The failure of the metabolic rates of our subjects to change during 
their sojourn in the Arctic agrees therefore with the majority of previous 
observations. 

When rats are placed in a cold environment, the resulting thyroid 
hypertrophy is accompanied by an increase in metabolic rate which is 
at least partly due to the heightened activity of the thyroid (2). Hence 
the failure of the basal metabolism to rise when the subjects for this 
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study were exposed to cold strongly suggests that thyroid function was 
unaltered. However, if a rate of thyroid hormone secretion greater than 
normal were required to maintain a normal metabolic rate in the cold, 
stimulation of the thyroid might occur without a rise in metabolism. Were 
this true, an increase in the concentration of protein-bound iodine in the 
serum would presumably still be observed. It has been reported that an 
elevated serum protein-bound iodine unassociated with hypermetabolism 
may actually occur during pregnancy in the human (15). The failure of 
the serum protein-bound iodine of our subjects to rise is evidence against 
any such change in thyroid function during the present experiment. It 
is also conceivable that in order to maintain a normal metabolic rate in 
the cold, the peripheral tissues themselves might be obliged to increase 
their rate of utilization of the thyroid hormone. If such a primary increase 
in peripheral utilization occurred, the thyroid gland might be stimulated 
secondarily to increase its production of hormone in order to maintain a 
normal concentration of hormone in the blood. The results presented 
offer no evidence for or against such an hypothesis. 

One additional observation makes it seem rather doubtful that increased 
thyroid function plays an essential role in the adaptation of humans to a 
cold environment. The consistently low serum protein-bound iodine of 
subject Mu. suggests that his thyroid gland was somewhat underactive; 
yet he was able to tolerate arctic weather as well as his companions. 

It might be argued that the exposure to cold in this experiment was 
not sufficiently long or severe to stimulate the thyroid. This may be true. 
But significantly greater exposure of humans is not likely to be tolerated 
without discomfort by experimental subjects in the laboratory, nor to be 
attained (except by accident) in the Arctic. Man, when exposed to a frigid 
climate, in effect takes his warm environment with him. He wears addi- 
tional clothing, heats his living quarters as well as circumstances allow, 
and leaves only his face directly exposed to the cold. 

In contrast to the normal concentrations of protein-bound iodine in the 
serum of the subjects transported from the Temperate to the Arctic Zone, 
many of the protein-bound iodine values of the Eskimo subjects were 
high normal or slightly elevated. The possibility that this might have been 
due to the relatively high iodine content of the sea food eaten by Eskimos 
must first be considered. Several species of fish, notably cod and haddock, 
have been reported to contain as much as 5 milligrams of iodine per 
kilogram (16). The precipitated proteins from the Eskimo sera were 
washed sufficiently to remove any amounts of inorganic iodide which 
might result from such a sea-food diet. However, Danowski (17) has 
recently described an increase of protein-bound iodine in euthyroid sub- 
jects who were given as much as 200 to 400 milligrams of potassium iodide 
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daily for several weeks. The increase was apparently not due to thyroid 
hormone, since the basal metabolic rate remained constant. But the 
amounts of iodide which Danowski employed were enormously larger than 
those which could be obtained from a diet of sea food. It seems probable 
therefore that the increased protein-bound iodine in the serum of the 
Eskimo subjects was not due to iodine in the diet but actually represented 
thyroid hormone. 

A number of previous investigators have indicated that hypermetabo- 
lism is common, or even usual, among the Eskimos (18-23); yet it is very 
doubtful that the metabolic rates which they reported were obtained 
under strictly basal conditions. The excitement attending the arrival of 
an expedition, the difficulty of obtaining fasting subjects, and the unfamili- 
arity of the natives with the metabolism apparatus might easily account 
for some elevation in metabolism above the true basal rate. Nevertheless, 
the relatively high concentrations of protein-bound iodine in several of 
our Eskimo subjects support the idea that the elevated metabolic rates 
observed by others were due, in part at least, to enhanced thyroid activity. 

If this be so, is there any reasonable explanation for a tendency towards 
hyperthyroidism in the Eskimo? It seems unlikely that climate is an impor- 
tant factor because the blood samples were collected during the summer 
when the climate was comparatively mild. Heightened activity of the thy- 
roid gland might be a racial characteristic of the Eskimo. It is noteworthy 
that of the 6 subjects from Chesterfield Inlet whose serum protein-bound 
iodine concentrations were below 7.0 micrograms per cent, 4 were of mixed 
race (Table 4). A third possibility is that the high-protein diet habitually 
consumed by the Eskimo increases the demand for thyroid hormone. 
This explanation would fit with the results of animal experiments in which 
feeding meat resulted in thyroid hypertrophy accompanied by loss of 
colloid (24). On the other hand, McClellan, Spencer and Falk (25) found 
only a slight and transient elevation of the basal metabolic rate in 2 normal 
subjects who subsisted for twelve months on a diet composed exclusively 
of meat and fat. Although the data reported here suggest that among the 
Eskimos the thyroid gland tends to be unusually active, they do not indi- 
cate the basic cause for the hyperactivity. 


SUMMARY 


The concentration of serum protein-bound iodine and the basal metabo- 
lism of 7 normal subjects were determined before, during and after a 
winter sojourn in Northern Canada. The failure of the protein-bound 
iodine and of the basal metabolic rate to increase suggests strongly that 
thyroid stimulation did not occur during exposure to arctic cold. 

The mean concentration of protein-bound iodine in the serum of 17 
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Eskimo subjects studied during the summer months was appreciably 
higher than that for normal subjects in Massachusetts. Taken in conjunc- 
tion with the elevated metabolic rates reported by previous observers, 
the high normal or slightly elevated protein-bound iodine values suggest 
that the thyroid gland in Eskimos may be comparatively hyperactive. 
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LETTERS TO THE EDITOR 





EFFECT OF DIETARY CHANGES ON UTERINE SIZE 


To THE EDITOR: 


In the test for the follicle-stimulating hormone (FSH) as carried out 
in this laboratory the weight of the uterus of an infantile, 21-day-old, 
female mouse (weight, 6-8 grams) determines whether the result is positive. 
In the past, if the uterus of a mouse weighed more than 7 mg., the material 
with which the mouse was injected was considered to contain at least 1 
mouse unit of FSH. 

Last January it was discovered that our mice were giving us false 
positive results. At autopsy, mice without injections of the test solutions 
or injected with normal saline solution had uteri which weighed above 7 
mg. and some of them as high as 20 to 30 mg. At this time we discovered 
that the food on which these mice were raised had been changed several 
months previously from Purina Laboratory Chow (by Ralston Company) 
to Wirthmore Laboratory Chow (by Wirthmore Feeds). On again feeding 
Purina Laboratory Chow to the mice, their uteri returned to normal 
weight. 

In order to see if the food which the mice ate really influenced the size 
of the uteri of the 21-day-old female mice, the following experiment was 
devised: 

The mouse colony was divided into three sections. Section I consisted 
of male and female breeder mice fed on Purina Laboratory Chow. The 
babies were fed on Purina when weaned, until the completion of the experi- 
ment. Section II consisted of male and female breeder mice fed on Wirth- 
more Laboratory Chow. The babies were fed on Wirthmore when weaned, 
until the completion of the experiment. Section III consisted of male 
and female breeder mice fed on Purina Laboratory Chow. The babies 
were weaned at the earliest possible age (about 14 days old) and fed on 
Wirthmore until the completion of the experiment. 

Fifty 21-day-old female mice were taken from each section over a 
period of time for use in this experiment. The results are shown in the 
accompanying table. It will be noted that the uteri of the infantile mice 
fed on Purina were much smaller than were those fed on Wirthmore. The 
differences were significant. 

Moreover, it is interesting to note that the weight of the uterus had no 
correlation with the final body weight of the mouse. 
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The agent(s) in the Wirthmore food which causes enlargement of the 
uteri of the 21-day-old female mice has not been identified. 























. Range | | 
Food of | Food of | No. | of final | Range of | Mean of | SD 
Section breeder | 21-day-old | * | body uterine | uterine | of 
| mice | females | _— | weights weights | weights | mean 
| | | used (Gm.) (mg.) | (mg.) | 
I | Purina | Purina | 50 | 6-12 |2.4-8.4| 5.2 | 0.219 
II Wirthmore | Wirthmore | 50 | 63-12 | 5.6-16.5 | 10.12 | 0.346 
III | Purina | Wirthmore | 50 | 7-125 | 8.3-22.7| 12.0 | 0.391 








ELEANOR Dempsey, A.M. 
Brier Roserts, B.A. 
Massachusetts General Hospital, 
Boston 14, Massachusetts. 


THE HYPERGLYCEMIC-GLYCOGENOLYTIC FACTOR 
PRODUCED BY THE PANCREAS 
To THE Epiror: 

As Mirsky (1) says, ‘‘The most convincing evidence that a hypergly- 
cemic-glycogenolytic factor is produced by the pancreas is the demonstra- 
tion that removal of the pancreas from the dog previously rendered 
diabetic by alloxanization (alloxan-diabetic dog) results in a reduction in 
both the quantity of sugar excreted and the quantity of insulin required 
to maintain the preoperative level of glycosuria.” 

In a very interesting work, Mirsky quoted the results obtained by Thoro- 
good and Zimmermann (2) and by myself (3). As he considered it essential 
to distinguish those effects which are due to the absence of pancreatic 
humoral agents from those which are due to the absence of pancreatic 
enzymes in the intestinal tract, he studied the severity of the diabetic 
syndrome during periods of fasting before and after pancreatectomy. 
Mirsky attributed my results and those of Thorogood and Zimmermann 
(a diminished requirement of insulin after pancreatectomy in the alloxan 
diabetic dog) to a decreased absorption of carbohydrate precursors. 

In the article (3) to which Mirsky referred, he overlooked the fact that 
I considered, as he does, that it is essential to know if the absence of the 
pancreatic enzymes plays any role in the decrease of insulin requirement 
which the alloxan-diabetic dog shows after pancreatectomy. For that rea- 
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son I studied the insulin requirement of the alloxan-diabetic dog, after 
the ligation of the pancreatic ducts and some weeks later after total pan- 
createctomy. I found that there was no change in the insulin requirement 
after duct ligation in spite of the absence of pancreatic enzymes in the 
intestinal lumen. However, after the extirpation of the atrophic pancreas 
(some weeks after duct ligation) the insulin requirement decreased dis- 
tinctly, in one case by 50 per cent. The protocols of that report are shown 
in Table 1. 

















TABLE 1 

| Insulin requirement 

; | units per day) 
Dog No, | ‘Imitial «=| Final ae | Atti 
and sex | weight | weight | Before | After After 

| (Kg.) (Kg.) | duct | duct | pancrea- 

| | ligation | ligation | tectomy 
763 F na) ee) ae fe the Pe ee 
747 M | 4... 8.9 4 | 14 ze. 
759 M | 10.0 | 10.0 15 16 6 
768 M | 10.0 | 10.0 | 15 15 6 





My results indicate that the pancreatic enzymes do not play a role in 
the reduced insulin requirement of the alloxan-diabetic dog after pan-. 
createctomy, and I think it probable that the pancreas produces some fac- 
tor which is responsible for the difference in the insulin requirement. 

J. L. RopriguEz-CANDELA 
Instituto de Medicina Experimental, 
Atocha 114, 
Madrid, Spain. 


Addendum 
CoMMENT OF MEMBER OF THE EDITORIAL BoarD: 


The time after duct ligation at which the insulin dosage was determined is not re- 
corded, nor is the impaired digestion established by measurement of fecal fat and 
nitrogen. Coffey, Mann and Bollman (Am. J. Digest. Dis. '7: 141, 1940) wrote: ‘After 
evulsion of the pancreatic ducts, most of the dogs exhibited remarkably efficient utiliza- 
tion of food for a variable period of time. The maximal fecal loss of fat was not attained 
until two to eight weeks post-operatively.” Dr. Candela raises a valid question, if the 
technical problems of duct ligation are appreciated. 


F. D. W. LuKENS 
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The Endocrine Society 


THE 1952 ANNUAL MEETING 


The Thirty-fourth Annual Meeting of The Endocrine Society will be 
held at the Palmer House, Chicago, Illinois, Thursday, Friday, and 
Saturday, June 5-6-7, 1952. 

The Local Chairman of Arrangements is Dr. Willard O. Thompson. 

All Scientific Sessions will be held in the Palmer House. The rooms in 
which each session will be held will be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, 
June 7, at 7:30 p.m., preceded by cocktails at 6:30 P.M. 

All members are urged to make hotel reservations immediately, inas- 
much as the hotels expect to be filled to capacity. Make reservations direct- 
ly with the Palmer House, advising time of arrival and departure date. 
Make your reservations now and avoid disappointment. 

Those wishing to present papers, which will be limited to ten minutes, 
should send four copies of the title and abstract to the Vice-President, 
Dr. Evelyn Anderson, National Institutes of Health, Bethesda 14, Mary- 
land, not later than March 1, 1952. It is imperative that the abstracts be 
informative and complete with results and conclusions in order that they may 
be of reference value and suitable for printing in the program and journals of 
the Association. The following regulations for the preparation of abstracts 
and titles must be carefully followed to insure consideration of the paper 
for the program: 


1. Abstracts may not exceed two hundred words, or equivalent space, 
exclusive of title. No footnotes or acknowledgments to sponsors can 
be published. References, if used, must be placed in the body of the 
text. The abstract should consist of a single paragraph, if possible. 
Structural chemical formulas cannot be used. 

2. The title heading must be arranged as follows: 

Line 1. Title, not to exceed fifteen words. 

Line 2. Author/s. The name of each nonmember-author collaborat- 
ing with member-authors is to be followed by the phrase 
“(by invitation).’”’ Names of nonmembers who are intro- 
duced, 7.e., who are not collaborators with member-authors, 
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are to be followed by the phrase ‘‘(introduced by . . . ).’’ The 
principal degree, e.g., M.D., of each author should be given 
after his name. 
Line 3. Institution of origin and city in which institution is located. 
3. The body of the abstract, typed double-space, should follow the head- 
ing. The original copy should be on bond paper. There should be 
three copies. 
4. Abstracts should be letter-perfect, since there will be no opportunity 
for proofreading by authors. 


1952 AWARDS AND FELLOWSHIPS 


Fellowships 
THE SCHERING FELLOWSHIP IN ENDOCRINOLOGY 


This Fellowship will not be awarded in 1952, so that it may accumulate 
toward a $5,000 Fellowship to be awarded in 1953. 


(See page 251 for announcement concerning the Schering Fellowship for 1951) 
THE AYERST, McKENNA AND HARRISON FELLOWSHIP 


The Ayerst, McKenna and Harrison Fellowship was first awarded in 
1947 to Dr. Samuel Dvoskin and in 1948 to Dr. Ernest M. Brown, Jr. 
Dr. Brown was re-elected for the Fellowship in 1949. The 1950 Award was 
made to Dr. Lawrence E. Shulman. 

Society Fellowships are designed to assist men or women of excep- 
tional promise in their progress toward a scientific career in endocrinology. 
Fellowships may be awarded to an individual who possesses the Ph.D. or 
M.D. degree or to a candidate for either of these degrees. The stipend, 
which will not exceed $5,000, may be divided into two Fellowships in 
varying amounts in accordance with the qualifications of the appointee. 
The Committee will, in reviewing the proposed program of study, consider 
the amount of time which the Fellow intends to spend in course work and/or 
teaching. He must present evidence of scientific ability as attested by 
studies completed or in progress and/or the recommendation of responsible 
individuals. He must submit a program of proposed study, indicate one 
or more institutions where the proposed program will be followed, and 
submit statements of approval from the investigators with whom he pro- 
poses to conduct his research. He must serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be allotted for course 
work or for participation in teaching, the latter purely on a voluntary basis. 
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Awards 
THE E. R. SQUIBB AND SONS AWARD 


The E. R. Squibb & Sons Award of $1,000 was established in 1939, and 
was given first in 1940 to Dr. George W. Corner; in 1941 to Dr. Philip E. 
Smith; in 1942 to Dr. Fred C. Koch; in 1944 to Dr. E. A. Doisy; in 1945 
to Dr. E. C. Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. 
Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller Albright; in 1949 to Dr. 
Herbert M. Evans; in 1950 to Dr. C. N. H. Long; and in 1951 to Dr. J. 
B. Collip. In 1943 no award was given. A special committee of five mem- 
bers of the Society selects the recipient from among investigators in 
the United States or Canada, on the basis of outstanding contributions 


to endocrinology. 


Announcement of Increase in the E. R. Squibb and Sons Award 


This Award has been increased to the amount of $2,500 beginning with 
the 1952 Award. 

(The Society expresses its sincere gratitude to E. R. Squibb and Sons 
for its interest in furthering research in this important field of medi- 
cine.) 

THE CIBA AWARD 

The Ciba Award, to recognize the meritorious accomplishment of an 
investigator not more than thirty-five years of age in the field of clinical 
or pre-clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the award was presented to Dr. E. B. 
Astwood; in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoff- 
man; in 1947 to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; in 1949 to 
Dr. George Sayers; in 1950 to Dr. Oscar M. Hechter; and in 1951 to Dr. 
Albert Segaloff. The Award is for $1,200. If, within twenty-four months 
of the date of the Award, the recipient should choose to use it toward 
further study in a laboratory other than that in which he is at present 
working, it will be increased to $1,800. 


Nominations 


Each member has the privilege of making one nomination for each 
Fellowship or Award. A nomination should be accompanied by a state- 
ment of the importance of the nominee’s contributions to, or interest in, 
endocrinology and by a bibliography of the nominee’s most important 
publications, with reprints if possible. The nominations should be made on 
special application forms which may be obtained from the Secretary, 
Dr. Henry H. Turner, 1200 North Walker Street, Oklahoma City 3, 
Oklahoma, and returned to him not later than March 1, 1952. 
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SPECIAL ANNOUNCEMENT 
CONCERNING 
THE SCHERING FELLOWSHIP FOR 1951 


Word has recently been received that Dr. John D. Stoekle, recipient of 
the Schering Fellowship for 1951, was unable to begin his investigation 
January first because of military service. Dr. Edward Henderson, Medical 
Director of the Schering Corporation, has-recommended that the fellow- 
ship for 1951 be reawarded in 1952. The Awards Committee is following 
the recommendations of the donors and will be happy to receive nominees 
for this fellowship which amounts to $2,500. The same procedure should be 
followed as in making nominations for other fellowships and awards of the 
association, the details of which may be found in this issue. 














The American Goiter Association 





THE 1952 ANNUAL MEETING 


The next Annual Meeting of the American Goiter Association will be 
held in St. Louis, Missouri, May 1, 2 and 3, 1952, at the Hotel Chase. All 
those who plan to attend are urged to make hotel reservations immediately. 


VAN METER PRIZE AWARD FOR 1952 


The American Goiter Association again offers the Van Meter Prize 
Award of three hundred dollars and two Honorable Mentions for the best 
essays submitted concerning original work on problems related to the 
thyroid gland. Providing essays of sufficient merit are presented in com- 
petition, the Award will be made at the annual meeting of the Association 
which will be held in Saint Louis, Missouri, May 1, 2 and 3, 19852. 

The competing essays may cover either clinical or research investiga- 
tions; should not exceed three thousand words in length; must be presented 
in English; and a typewritten double-spaced copy in duplicate sent to the 
Corresponding Secretary, Dr. George C. Shivers, 100 East Saint Vrain 
Street, Colorado Springs, Colorado, not later than March 1, 1952. The com- 
mittee, who will review the manuscripts, is composed of men well qualified 
to judge the merits of the competing essays. 

A place will be reserved on the program of the annual meeting for pres- 
entation of the Prize Award Essay by the author, if it is possible for him 
to attend. The essay will be published in the annual Transactions of the 
Association. 
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CONGRESS OF THE 
INTERNATIONAL DIABETES FEDERATION 


A congress on diabetes mellitus will be held at Leyden, Netherlands, 
July 7 through 12, 1952, organized by the International Diabetes Federa- 
tion. For further details, persons interested are kindly requested to apply 
to the Secretary-Treasurer, Dr. F. Gerritzen, 33, Prinsegracht, The Hague, 
Netherlands. 


JEFFERSON MEDICAL COLLEGE AND HOSPITAL 
FELLOWSHIP IN OBSTETRIC AND GYNECOLOGIC 
ENDOCRINOLOGY 


The next Fellowship in Obstetric and Gynecologic Endocrinology in the 
Jefferson Medical College and Hospital will be available, July 1, 1952. At 
least one year of preliminary training in obstetrics and gynecology or in 
endocrinology is required. Requests for application should be sent promptly 
to Dr. Lewis C. Scheffey, Chairman of the Department of Obstetrics and 
Gynecology, Jefferson Medical College, Philadelphia, Pa. 

A. E. Rakoff, M.D. 
Clinical Professor of Obstetric 
and Gynecologic Endocrinology 








BOOKS RECEIVED 


HE following list acknowledges receipt of books which it has not 
yet been possible for us to review: 


Advances in Treatment, 1951. The 1000th issue of The Practitioner, volume 167, October 
1951. Thirteen articles on advances in the various fields of medicine, including 
endocrinology, and three articles on the social aspects of medicine. The Practitioner, 
London, England, 1951. Price 7s. 6d. 

Aphorisms of C. H. Mayo and William J. Mayo. Collected by Freprerick A. WILLIUs, 
M.D., Mayo Clinic, Rochester, Minnesota. Exclusive in this book: The so-called 
“Lost Oration” by Dr. W. J. Mayo before a Committee of the Minnesota State 
Legislature on March 22, 1917; 117 pages; 215 quotations, 1952. Charles C Thomas, 
Publisher, Springfield, Illinois. Price $2.75. 

Comparative Physiology of the Thyroid and Parathyroid Glands. By WaurerR FLEIscH- 
MANN, M.D., Ph.D., Veterans Administration Hospital, Fort Howard, Md.; In- 
structor in Pediatrics, The Johns Hopkins University School of Medicine, Balti- 
more, Md.; 82 pages; 3 tables; extensive bibliography; 1951. A monograph in 
American Lectures in Endocrinology edited by Wittarp O. THompson, M.D., 
Clinical Professor of Medicine, University of Illinois College of Medicine, Chicago. 
Charles C Thomas, Publisher, Springfield, Illinois. Price $2.25. 

Diagnosis and Treatment of Menstrual Disorders and Sterility. Third Edition. By CHARLES 
Mazer, M.D., formerly Associate Professor of Gynecology & Obstetrics, Graduate 
School of Medicine, University of Pennsylvania; Attending Gynecologist, St. Agnes 
Hospital; Consulting Gynecologist, Mt. Sinai Hospital, Philadelphia, and 8. Leon 
IsRAEL, M.D., Assistant Professor of Gynecology & Obstetrics, Graduate School of 
Medicine, University of Pennsylvania; Attending Gynecologist, Mt. Sinai Hospital, 
Philadelphia; 597 pages; 137 illustrations; extensive bibliography; appendix de- 
scribing the various endocrine preparations, 1951. Paul B. Hoeber, Inc., New York. 
Price $10.00. 

Endocrine Functions of the Pancreas. By BERNARD ZIMMERMANN, M.D., Department of 
Surgery, University of Minnesota, Minneapolis, Minn.; 94 pages; 12 figures; 1 
table; 1952. A monograph in American Lectures in Endocrinology edited by WI- 
LARD QO. THompson, M.D., Clinical Professor of Medicine, University of Illinois 
College of Medicine, Chicago. Charles C Thomas, Publisher, Springfield, Illinois. 
Price $2.50. 

Galen’s Hygiene (A Translation). By R. A. Green, M.D., Emeritus Professor of Anat- 
omy, Harvard Medical School, Boston, Mass. ; 304 pages; 1951. Charles C Thomas, 
Publisher, Springfield, Illinois. Price $5.75. 

La Endocrinologia clinica en Francia y en los paises de lengua francesa (1940-1950). By 
M. le Docteur ALBEAUX-FERNET, Médecin des Hépitaux de Paris. Translated from 
the French into Spanish by Dr. O. Lrevarn; 134 pages; 10 figures; 1951. Centre de 
documentation médicale Cl. Bernard, Paris. 

Nutrition and Climatic Stress, With Particular Reference to Man. By H. H. MircHet1, 
Professor of Animal Nutrition, University of Illinois, Urbana, Illinois, and Mar- 
JORIE EpMAN, Research Assistant in Animal Nutrition in Charge of Literature 
Survey, University of Illinois; 244 pages; 8 illustrations; extensive bibliography; 
1952. Charles C Thomas, Publisher, Springfield, Illinois. Price $6.75. 

Pharmacopoea Internationalis. First edition, Volume I, of the first international phar- 
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macopoeia, containing internationally-approved standards and nomenclature for 
drugs. Of interest to pharmacists and physicians throughout the world; 424 pagés; 
199 monographs; 43 appendices, 1951. World Health Organization, Palais des Na- 
tions, Geneva, Switzerland. 

Studies in Medicine. A Volume of Papers in Honor of Ropert Woop Keeton, Professor 
of Medicine and Head of the Department, University of Illinois College of Medicine, 
Chicago. Thirty-three articles by various authorities, including several papers of 
special interest to endocrinologists; 420 pages; tables and illustrations, 1951. 
Charles C Thomas, Publisher, Springfield, Illinois. Price $8.50. 

Thyroid Function and its Possible Role in Vascular Degeneration. By W1Lu1AM B. Kountz, 
M.D., Assistant Professor of Clinical Medicine, Washington University School of 
Medicine, Consulting Physician, Barnes Hospital and Lutheran Hospital, St. Louis, 
Mo.; 62 pages; 10 figures; 1951. A monograph in American Lectures in Circulation, 
edited by Irvine H. Pacgr, M.D. and A. C. Corcoran, M.D., Cleveland Clinic, 
Cleveland, Ohio. Charles C Thomas, Publisher, Springfield, Illinois. Price $2.25. 

Transactions of Josiah Macy, Jr. Foundation Conferences. Published in 1951 by Josiah 
Macy, Jr. Foundation, New York, N. Y. 

Adrenal Cortex. Second Conference, November 1950. Edited by Exarinre P. Ra ut, 
Dept. of Medicine, College of Medicine, New York University, New York; 209 
pages. Price $3.00. 

Biological Antioxidants. Fifth Conference. Nov.-Dec. 1950. Edited by Cosmo G,. 
MacKenzir, Dept. of Biochemistry, University of Colorado School of Medicine, 
Denver, Colorado; 229 pages. Price $3.75. 

Blood Clotting and Allied Problems. Fourth Conference, January 1951. Edited by 
JoserH E. Frynn, Dept. of Pathology, College of Physicians and Surgeons, 
Columbia University, New York; 272 pages. Price $4.00. 

Factors Regulating Blood Pressure. Fifth Conference, February 1951. Edited by Brn- 
JAMIN W. ZweIFACH and EpHRAIM SHoRR, Dept., of Medicine, Cornell University 
Medical College, New York; 238 pages. Price $3.75. 

Livery Injury. Ninth Conference, April 1950. Edited by F. W. Horrsaver, Dept. of 
Medicine, University of Minnesota Medical School, Minneapolis, Minn.; 232 
pages. Price $3.00. 

Metabolic Interrelations. Third Conference, January 1951. Edited by Epwarp C. 
REIFENSTEIN, JR., Oklahoma Medical Research Institute and Hospital, Okla- 
homa City, Okla.; 294 pages. Price $4.00. 

Nerve Impulse. Second Conference, March 1951. Edited by Davip NacHMANSOHN, 
Dept. of Neurology, College of Physicians and Surgeons, Columbia University, 
New York; 204'pages. Price $3.50. 

Problems of Aging. Thirteenth Conference, February 1951. Edited by Naruan W. 
Suock, Chief, Section on Gerontology, National Heart Institute, National Insti- 
tutes of Health, and The Baltimore City Hospitals, Baltimore, Maryland; 194 
pages. Price $4.00. 

Renal Function. Second Conference, October 1950. Edited by Stantey E. Brap.ey, 
Dept. of Medicine, College of Physicians and Surgeons, Columbia University, 
New York; 178 pages. Price $3.00. 

Untoward Reactions of Cortisone and ACTH. By Vincent J. Derses, M.D., Associate 
Professor of Medicine, Tulane University of Louisiana School of Medicine; Head 
of Department of Allergy, Ochsner Clinic, New Orleans, La., and THomas E. WEIss, 
M.D., Instructor in Medicine, Tulane University of Louisiana School of Medicine; 
Member of Department of Medicine, Ochsner Clinic, New Orleans, La.; 77 pages; 
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1951. A monograph in American Lectures in Internal Medicine, edited by Roscoz 
L. Putten, M.D., Director, Division of Graduate Medicine, Tulane University of 
Louisiana. Charles C Thomas, Publisher, Springfield, Illinois. Price $2.25. 

Urine and the Urinary Sediment. By Ricuarp W. Lippman, M.D., Research Associate, 
Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Cali- 
fornia. A monograph on the clinical examination of the urine, and an atlas of the 
urinary sediment composed of real-color photographs; 128 pages; 62 illustrations 
(56 in color); 1952. Charles C Thomas, Publisher, Springfield, Illinois. Price $7.50. 

Visceral Innervation and its Relation to Personality. By ALBert Kuntz, M.D., Ph.D. 
Professor of Anatomy, St. Louis University School of Medicine, St. Louis, Mo.; 160 
pages; 31 illustrations; 1951. A monograph in American Lectures in Anatomy edited 
by Orro F. Kampmerer, M.D., Ph.D., Professor of Anatomy and Head of the 
Department, University of Illinois College of Medicine, Chicago, Ill. Charles C 
Thomas, Publisher, Springfield, Illinois. 








